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P r e f a c e  

. 
T h e s e  h e a l t h  a n d  e n v i r o n m e n t a l  e f f e c t  p r o f i l e s  h a v e  

b e e n  c o m p i l e d  t o  s u p p o r t  t h e  l i s t i n g  o f  a p p r o x m a t e l y  170 

of t h e  h a z a r d o u s  c o n s t i t u e n t s  i d e n t i f i e d  o n  Append ix  V I 1 1  

i n  t h e  r e g u l a t i o n s  ( 4 0  CFR, P a r t  261). T h e s e  p r o f i l e s  a r e  

a l s o  b e i n g  u s e d  t o  s u p p o r t  t h e  l i s t i n g  o f  h a z a r d o u s  w a s t e s  , 

i n  S u b p a r t  n o f  P a r t  2 6 1 ,  d u e  t o  t h e  p r e s e n c e  i n  t h e  

was te s ,  of  t hese  h a z a r d o u s  c o n s t i t u e n t s .  Xany of  t h e s e  

p r o f i l e s  h a v e  b e e n  summar ized  f r o m  t h e  water q u a l i t y  c r i t e r i a  

d o c u m e n t s  p r e p a r e d  in s u p p o r t  o f  v a r i o u s  p r o g r a m s  u n d e r  

t h e  Clean Water A c t .  I n  e a c h  case ,  h o w e v e r ,  t h e  documen t  

1s b a s e d  o n  i n f o r m a t i o n  a n d  r e f e r e n c e s  a v a i l a b l e  t o  t h e  

Agency a n d  v h l c h  a r e  r e f e r e n c e d  i n  e a c h  i n d i v l d u a l  d o c u m e n t .  

. _. 
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Acetaldehyde 
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DISCLAIMER 

T h i s  r e p o r t  r ep resen t s  a survey of h e  p o t e n t i a l  h e a l t h  
and environmental hazards from exposure t o  the s u b j e c t  chemi- 
cal .  The information contained i n  t h e  r e p o r t  is drawn c h i e f l y  
from secondary sources and a v a i l a b l e  re ference  documents. 
Because of the l i m i t a t i o n s  of such sources, t h i s  s h o r t  p r o f i l e  
may no t  r e f l e c t  a l l  a v a i l a b l e  information including a l l  the 
adverse heal th  and environmental impacts presented by t h e  
s u b j e c t  chemical. This document has undergone s c r u t i n y  t o  
ensure its t e c h n i c a l  accuracy. 
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ACE TAL DE HYD E 

Summary 

An increased incidence of malignant neoplasms was reported in 

workers in an aldehyde factory. Acetaldehyde was found in 

concentration of 1 to 7 mg/m3 but there was no indication that 

acetaldehyde was the causative factor for the cancers. 

Equivacol results were obtained from a number of mutugenicity 

assays. 

I. INTRODUCTION 

Acetaldehyde (CH3COH) is a clear, flammable liquid with a 

pungent, fuity odor. It has the following physicallchemical 

properties (Eawley, 1977; U.S. EPA, 1976a): 

Chemical Structure: cx3 - c H 0  
'E 

CAS NO.: 75-07-0 

Molecular Formula: C2H4O 

Boiling Point: 20.2"c 

Melting Point: -123.5OC 

Vapor Pressure: 740 mm (20°C) 

Density: 0.7834 at 18°C/40C 

OctanolIWater 
Partition Coefficient: 0.43 

Vapor Density: 1.52 

Solubility: soluble in water and most 
organic solvents 



A review of the production range (includes importation) 

statistics for acetaldehyde (CAS.No. 75-07-0) which was listed in 

the initial TSCA Inventory (1977) has shown that between 1 billion 

and 2 billion pounds of this chemical were produced/imported in 

1977.*/ - 
Acetaldehyde is used mainly as a chemical intermediate in the 

production of paraldehydes, acetic acid, acetic anhydride, and a 

variety of other chemicals (Hawley, 1977). 

11. EXPOSURE 

The NIOSH National Occupational Hazard Survey estimates that 

2,430 workers are exposed to acetaldehyde annually (1976). 

A. Environmental Fate 

The available data do not Indicate a potential for persis- 

0 tance and accumulation in the environment. While there is little 

information on the environmental fate of acetaldehyde, the BODICOD 

of 0.72 confirms that acetaldehyde will readily biodegrade 

(Verschueren, 1978) . 
As to its fate in air, aldehydes are expected to photodisso- 

ciate rapidly and competively with their oxidation for a half-life 

of 2 to 3 hours. Aldehydes do not persist in the atmosphere but 

the fact that acetaldehyde is a component of vehicle exhaust may be 

significant ln l t s  contribution t o  smog ( U . S .  EPA, 1977b). 

- */ This production range information does n o t  include any production/ 
importation data claimed as confidential by the person(s1 report- 
ing for the TSCA Inventory, nor does It include any information 
which would compromise Confidential Business Information. The 
data submitted for the TSCA Inventory. including production range - 
information, are subject to the limitations coniained in the 
Inventory Reporting Regulation (40 CFB 710). 

\ 
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B .  B i o c o n c e n t r a t i o n  

A c e t a l d e h y d e  h a s  a n  o c t a n o l / w a t e r  p a r t i t i o n  c o e f f i c i e n t  

o f  0 . 4 3  i n d i c a t i n g  t h a t  i t  is h i g h l y  h y d r o p h i l i c  a n d  s h o u l d  n o t  

' a c c u m u l a t e  ( U . S .  EPA, 1 9 7 6 ) .  

C. E n v i r o n m e n t a l  O c c u r r e n c e  

A c e t a l d e h y d e  i s  a n o r m a l  i n t e r m e d i a t e  p r o d u c t  i n  t h e  

r e s p i r a t i o n  o f  h i g h e r  p l a n t s ;  i t  o c c u r s  i n  t r a c e s  in r i p e  f r u i t s  

a n d  may f o r m  i n  a l c o h o l i c  b e v e r a g e s  a f t e r  e x p o s u r e  t o  a i r .  I t  h a s  

b e e n  r e p o r t e d  t h a t  a c e t a l d e h y d e  is f o u n d  i n  l e a f  t o b a c c o ,  c i g a -  

r e t t e  smoke ,  a n d  a u t o m o b i l e  a n d  d i e s e l  e x h a u s t  ( U . S .  E P A ,  1 9 7 7 a ) .  

A c e t a l d e h y d e  h a s  b e e n  r e p o r t e d  i n  b o t h  f i n i s h e d  d r i n k i n g  water  

s u p p l i e s  a n d  e f f l u e n t s  f r o m  s e w a g e  t r e a t m e n t  p l a n t s  i n  s e v e r a l  

l o c a t i o n s  t h r o u g h o u t  t h e  U . S .  (EPA, 1 9 7 6 b ) .  

111. PHARMACOKINETICS 

A c e t a l d e h y d e  w h i c h  is t h e  f i r s t  o c c u r r i n g  m e t a b o l i t e  o f  e t h a n o l  

i n  mammals is p r o d u c e d  i n  t h e  l i v e r  a n d  i s  o f t e n  f o u n d  i n  v a r i o u s  

t i s s u e s  a f t e r  t h e  c o n s u m p t i o n  o f  a l c o h o l  (Obe a n d  R i s t o w ,  1 9 7 7 ) .  

I t  is a n  i n t e r m e d i a t e  p r o d u c t  i n  t h e  m e t a b o l i s m  o f  s u g a r s  i n  t h e  

body a n d  h e n c e  o c c u r s  i n  t r a c e s  i n  b l o o d  (EPA, 1 9 7 7 b ) .  

IV. HEALTH EFFECTS 

A. C a r c i n o g e n i c i t y  

W a t a n a b e  a n d  S u g i m o t o  ( 1 9 5 6 )  a d m i n i s t e r e d  0 . 5 - 5 %  a c e t a l d e -  

h y d e  s u b c u t a n e o u s l y  t o  r a t s  f o r  a p e r i o d  o f  489  t o  5 5 4  d a y s .  Fo.ur 

o f  t h e  1 4  a n i m a l s  d e v e l o p e d  s p i n d l e  c e l l  c a r c i n o m a s  a t  t h e  s i t e  o f  

i n j e c t i o n .  

An i n c r e a s e d  i n c i d e n c e  o f  m a l i g n a n t  n e o p l a s m s  h a s  b e e n  o b s e r v e d  

i n  w o r k e r s  a t  a n  a l d e h y d e  f a c t o r y  who were e x p o s e d  t o  a c e t a l d e h y d e ,  

e 

I- 5 
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< *  ! .  

butyraldehyde, crotonaldehyde, 

chain aldehydes. Acetaldehyde 

1-7 m g / m 3 .  Of the 220 people 

, 

aldol, several alcohols, and longer 

was found in concentrations of 

mployed in this factory, 150 has 

been exposed for more than 20 years. During the period 1967 to 

1972, tumors were observed in nine males (all of whom were smokers). 

The tumor incidences observed in the workers eiceeded incidences of 

carcinomas of the oral cavity and bronchogenic lung cancer expected 

in tha general population and, for the age group 55-59 years, the 

incidence.of all cancers in chemical plant workers. There is no 

indication that acetaldehyde was the causative factor in the excess 

incidence of cancer (Bittersohl, 1974; Bittersohl, 1975). 

Acetaldehyde has  been found positive in a variety of mutagenicity 

tests: siter chromatid exchange in cultured human lymphocytes and 

a Chinese hamster (ovary) cell line (Bistow and Obe, 1978; Obe and 

Ristow, 1977); S .  typhimirium (Amee Test); ( P o l  A') E. coli 

(Bosenkranz, 1977); and U P 2  uvrA trp') E. coli (veghelyi et al., 

1978). It has, however, also been reported negative b y  other 

investigators: S. typhimurium, with and without activation (Cotruvo 

et al., 1977; Commoner, 1976; Laumbach et &., 1977); Saccharomyces 

cerevisiae test for recombination (Cotruvo et al., 1977); and 

Bacillus subtilis repair essay (Laumbach et al. ,- l9/7). _ -  Thus,-_-of - 

ten reports of vitro tests for the mutagenicity of acetaldehyde, 

5 were positive and 5 were negative. Acetaldehyde was also found 

to cross-link isolated calf thymus DNA (Ristow and Obe, 1978). 

C. Other Toxicity 
e 

1. Acute 

9 

I -  6 000017 



A table summarizing the acute toxicity o f  acetaldehyde 

in rats and mice is found 

Dose Spec i es - 
rat 16,000ppm x 4 

4,000ppm x 4 
640 mglkg 

rat 
rat 
rat 20,000ppm x 3 
rat 1,930 mglkg 
mouse 560 mg/kg 
mouse 1,232 mglkg 

below: 

- Route Result Reference 

hts. ihl lethal Smyth, 1956 
hrs. ihl lethal NIOSH, 1977 

S.C. LD 50 S k o g ,  1950 
min. ihl Lc50 Skog ,  1950 

NIOSH, 1977 
S k o g ,  1950 

oral LD 50 

NXOSH, 1977 oral LD 50 
S.C. LD50 

D. Other Relevant Data 

Acetaldehyde is a mucous membrane irritant in humans 

(Verschueren, 1978). 

V. AQUATIC EFFECTS 

A. Acute 

The 24-hour median threshold limit (TLm) for acetaldehyde 

pinperch is 7 0  mg/l. The 96-hour TLm in sunfish is 53 mg/l 

(Verschueren , 1978 1. 

VI. EXISTING GUIDELINES 

A. Humans 

The American Conference of Governmental and Industrial 

Hygienists (ACGIH) has adopted a Threshold Limit Value (TLV) of 

100 ppm for acetaldehyde. The OSHA standard in air is a Time 

Weighted Average (TWA) of 200 ppm. 

r-7 
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DISCLAIMER 

T h i s  report r e p r e s e n t s  a s u r v e y  of t h e  p o t e n t i a l  h e a l t h  
and env i ronmen ta l  h a z a r d s  from exposure  t o  t h e  subjec t  chemi- 
cal .  The i n f o m a t i o n  c o n t a i n e d  i n  t h e  r e p o r t  is drawn c h i e f l y  
from secondary  s o u r c e s  and a v a i l a b l e  r e f e r e n c e  documents . 
Because of t h e  l i m i t a t i o n s  of such s o u r c e s ,  t h i s  short  p r o f i l e  
may n o t  r e f l e c t  a l l  ava i lab le  i n f o r m a t i o n  i n c l u d i n g  a l l  t h e  
a d v e r s e  health and envi ronmenta l  impacts p r e s e n t e d  by t h e  
s u b j e c t  chemical. T h i s  document has undergone s c r u t i n y  t o  
e n s u r e  i t s  t e c h n i c a l  accu racy .  



ACETONITRILE 

S U M M A R Y  

D e p e n d i n g  on t h e  amount  absorbed,  a c e t o n i t r i l e  may cause 

d i s o r d e r s  i n  t h e  c e n t r a l  n e r v o u s  system, l i v e r ,  k i d n e y s ,  c a r -  

d i o v a s c u l a r  s y s t e m  and g a s t r o i n t e s t i n a l  system, r e g a r d l e s s  o f  

t h e  r o u t e  o f  a d m i n i s t r a t i o n .  These e f f e c t s  a r e  a t t r i b u t e d  t o  

t h e  m e t a b o l i c  r e l e a s e  o f  c y a n i d e  f r o m  t h e  a c e t o n i t r i l e  m o l e -  

c u l e ,  a l t h o u g h  t h e  p a r e n t  m o l e c u l e  i t s e l f  may c a u s e  t h e s e  e f - '  

f e c t s .  

T h i s  H a z a r d  A s s e s s m e n t  P r o ' f i l e  u a s  b a s e d  l a r g e l y  on i n -  

f o r m a t i o n  o b t a i n e d  f r o m  N I O S H  and i t s  C r i t e r i a  f o r  a Recom- 

mended S t a n d a r d :  O c c u p a t i o n a l  E x p o s u r e  t o  N i t r i  l c s ,  (N IOSH,  

1 9 7 8 )  . - 
T h e  NXOSH 1972-1974 ' N a t i o n a  L O ' c c u p a t i  o n a  1 H a z a r d s  S u r v e y  

e s t i m a t e s  t h a t  a b o u t  26,000 w o r k e r s  a r e  o c c u p a t i o n a l l y  ex-  

p o s e d  t o  n i t r i l e s .  

M a j o r  o c c u p a t i o n a l  e x p o s u r e s  t o  n i t r i l e  o c c u r  b y  i n h a l a -  

t i o n  o f  v a p o r  o r  a e r o s o l s  and by s k i n  a b s o r p t i o n .  A d v e r s e  

e f f e c t s  o f  n i t r i l e s  a r e  a l s o  f o u n d  f r o m  e y e  c o n t a c t .  

T h e r e  i s  no a v a i l a b l e  e v i d e n c e  t o  i n d i c a t e  t h a t  a c e t o n i -  

t r i l e  h a s  m u t a g e n i c  o r  c a r c i n o g e n i c  a c t i v i t y .  Tuo s t u d i e s  

have r e p o r t e d  t e r a t o g e n i c  e f f e c t s  i n  r a t s .  

U n l i k e  t h e  i m m e d i a t e  o n s e t  o f  c y a n i d e  t o x i c i t y ,  n i t r i  l e  

p o i s o n i n g  d i s p l a y s  a d e L a y e d  o n s e t  o f  symptoms. 
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I I. INTRODUCTION 
, 

A c e t o n i t r i l e  (CH3CN) i s  a m o n o n i t r i l e  and f a l l s  i n t o  

t h e  s a t u r a t e d  a l i p h a t i c  c l a s s  o f  n i t r i l e s .  I t  i s  a c o l o r l e s s  

l i q u i d  and has  a v a p o r  p r e s s u r e  o f  73  m m  Hg a t  2 0 '  C .  I t  has 

a m o l e c u l a r  w e i g h t  o f  41 .05  and a s p e c i f i c  g r a v i t y  o f  0 . 7 8 6  

( N I O S H ,  1 9 7 8 ) .  

When h e a t e d  t o  d e c o m p o s i t i o n ,  n i t r i  l e s  e m i t  t o x i c  fumes 

c o n t a i n i n g  c y a n i d e s  ( S a x , . 1 9 6 8 ) .  

A c e t o n i t r i  Le was i n t r o d u c e d  t o  t h e  c o m m e r i c a l  m a r k e t  i n  

1 9 5 2 ,  and i t s  i n d u s t r i a l  u s e s  l i e  i n  t h e  m a n u f a c t u r e  o f  p l a s -  

t i c s ,  s y n t h e t i c  f i b r e s ,  e l a s t o m e r s ,  and s o l v e n t s .  A c e t o n i -  

t r i l e  i s  u s e d  as a s o l v e n t  i n  t h e  e x t r a c t i v e  d i s t i l l a t i o n  

t h a t  s e p a r a t e s  o l e f i n s  f r o m  d i o l e f i n s ,  b u t a d i e n e  f r o m  b u t y -  
- 

lene,  and  i s o p r e n e  f r o m  i s o p e n t a n e .  

I n  1 9 6 4 ,  3.5 m i l l i o n  pounds  o f  a c e t o n i t r i l e  were  con- 

sumed i n d u s t r i a  L l y .  

. I f ,  EXPOSURE . 

A. Water  and  Food 

P e r t i n e n t  d a t a  were n o t  f o u n d  i n  t h e  a v a i l a b l e  l i t -  

e r a t u r e .  

B. I n h a l a t i o n  

A c e t o n i t r i l e  c a n  be  r e a d i l y  a b s o r b e d  f r o m  o r a l  mu- 

cosa  (WcKee, e t  a l .  1 9 6 2 ;  Dalhamn, e t  a l .  1 9 6 8 ) .  
r 

I n  t h e  w o r k p l a c e ,  a c u t e  p o i s o n i n g  and d e a t h  h a v e  
f 
-.IC- 

been  r e p o r t e d  f o l l o u i n g  t h e  i n h a l a t i o n  o f  a c e t o n i t r i  Le (De- 

q u i d t ,  e t  a l ,  1 9 7 4 ) .  
- 

# 

S t u d i e s  h a v e  d e m o n s t r a t e d  t h a t  a c e t o n i t r i  L e  i s  ab- 

,@ s o r b e d  b y  Lung t i s s u e  ( D e q u i d t ,  e t  a l .  1 9 7 4 ;  G r a b o i s ,  1 9 5 5 ;  

Amdur, 1 9 5 9 ) .  

, r  
?. . . / .  c 
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C. D e r m a l  

D e r m a l  e x p o s u r e s  t o  a c e t o n i t r i  l e  h a v e  c a u s e d  ad- 

v e r s e  r e a c t i o n s  i n c l u d i n g  d e a t h  i n  some c a s e s  ( N I O S H ,  1 9 1 8 ) .  

A c e t o n i  t r i  l e  has  b e e n  r e p o r t e d  t o  h a v e  b e e n  a b s o r b -  

e d  t h r o u g h  t h e  i n t a c t  s k i n  o f  r a b b i t s ,  y i e l d i n g  a d e r m a l  

L D S O  o f  980 mg/kg ( P o z r a n i ,  e t  a l .  1 9 5 9 ) .  

111. PHARMACOKINETICS 

A.  A b s o r p t i o n  
/ 

A c e t o n i t r i l e  i s  a component  o f  c i g a r e t t e  smoke and 

' i s  a b s o r b e d  b y  t h e  o r a l  t i s s u e s  (RcKee, e t  a l .  1 9 6 2 ;  Dalhamn, 

e t  a l .  1 9 6 8 ) .  - 
Humans h a v e  b e e n  s h o u n  t o  a b s o r b  a c e t o n i t r i  l e  d i -  

* 

r c c t l y  t h r o u g h  t h e  s k i n  and r e s p i r a t o r y  t r a c t  ( Z c l l e r , .  e t  a l .  

1 9 6 9 ;  Amdur, 1 9 5 9 ;  D e q u i d t ,  e t  a l .  1 9 7 4 1 ,  

8 .  D i s t r i b u t i o n  

S t u d i e s  b y  McKee, e t  a l .  ( 1 9 6 2 )  and Dalhamn, e t  a l .  

( 1 9 6 8 )  show t h a t  a c e t o n i t r i l e  f r o m  c i g a r e t t e  s m o k i n g  i s  re -  

t a i n e d  by t h e  l u n g s .  

T i s s u e  d i s t r i b u t i o n  s t u d i e s  i n d i c a t e d  t h a t  m o n o n i -  

t r i  l e s  ( a n d  a c e t o n i t r i l e ,  i n  p a r t i c u l a r )  a r e  d i s t r i b u t e d  un i -  

f o r m l y  i n  t h e  i n t e r n a l  o r g a n s  o f  humans and t h a t  c y a n i d e  me- 

t a b o l i t e s  a r e  f o u n d  p r e d o m i n a n t l y  i n  t h e  sp leen,  s t o m a c h  and 

s k i n ,  a n d  t o  a l e s s e r  e x t e n t ,  i n  t h e  l i v e r ,  l u n g s ,  k i d n e y s ,  

h e a r t s ,  b r a i n ,  muscle,  i n t e s t i n e s ,  and t e s t e s  ( D e q u i d t ,  e t  

a l .  1 9 7 4 ) .  

Haguenocr ,  e t  a l .  ( 1 9 7 5 )  e x p o s e d  t h r e e  r a t s  t o  

2,800 o r  25,000 ppm a c e t o n i t r i l e  b y  i n h a l a t i o n .  A t  2S,000 

ppm, a l l  t h r e e  r a t s  d i e d  a f t e r  30 m i n u t e s .  C h e m i c a l  a n a l y s i s  



o f  t h e  o r g a n s  showed t h a t  t h e  mean c o n c e n t r a t i o n  o f  

a c e t o n i t r i l e  i n  m u s c l e ' w a s  136 P g / l O O  g o f  t i s s u e  and  2,438 

. pg / IOO g o f  k i d n e y  t i s s u e .  H i g h  a c e t o n i t r i l e  e x c r e t i o n  o r  

p o s s i b l e  r e n a l  b l o c k a g e  were  p o s t u l a t e d  as t h e  causes  f o r  t h e  

h i g h  r e n a l  c o n c e n t r a t i o n .  

N i t r i l e s  and  t h e i r  m e t a b o ' l i c  . p r b d u c t s  have  ' b e e n  de- 

t e c t e d  i n  u r i n e ,  b l o o d  and t i s s u e s  (RcKee, e t  a l ,  1 9 6 2 ) .  

C. M e t a b o l i s m  

S i n c e  human a n d  a n i m a l  s t u d i e s  r e p o r t  symptoms 

c h a r a c t e r i s t i c s  o f  c y a n i d e  p o i ' s o n i n g ,  i t  i s  r e a s o n a b l e  t o  

assume t h a t  a p o r t i o n  o f  t h e  e f f e c t s  o f  e x p o s u r e  t o  a c e t o n i -  

t r i l e  i s  due  t o  t h e  r e l e a s e  o f  t h e  c y a n i d e  i o n  f r o m  t h e  p a r -  

e n t  compound ( Z e l l e r ,  e t  a l .  1969; Arndur, 1959; P o r r a n i ,  

19591.  

A f t e r  a b s o r p t i o n ,  n i t r i l e s  may be  m e t a b o l i z e d  t o  a n  

a l p h a  c y a n o h y d r i n  o r  t o  i n o r g a n i c  c y a n i d e ,  w h i c h  i s  o x i d i z e ' d  

'. t o  t h i o c y a n a t e  a n d  i s  e x c r e t e d  i n  t h e  u r i n e .  The C = N  g r o u p  

may be c o n v e r t e d  i n t o  a c a r b o x y l i c  a c i d  d e r i v a t i v e  and ammon- 

i a ,  o r  may b e  i n c o r p o r a t e d  i n t o  c y a n o c o b a l a m i n e .  I o n i c  cya- 

n i d e  a l s o  r e a c t s  w i t h  c a r b o x y l  g r o u p s  and w i t h  d i s u l f i d e s  

(McKee, e t  a l .  1 9 6 2 ) .  

Haguenoer ,  e t  a 1  (1975)  i n j e c t e d  w h i t e  ma le  W i s t a r  

r a t s  w i t h  v a r y i n g  l e v e l s  o f  a c e t o n i t r i l e  r a n g i n g  f r o m  600 

mg/kg t o  2,340 mg/kg. kt au topsy ,  t h e  i n t e r n a l  o r g a n s  showed 

t h a t  t h e  c o m b i n e d  h y d r o g e n  c y a n i d e  c o n s i s t e d  e s s e n t i a l l y  o f  

t h i o c y a n a t e s ,  c y a n o h y d r i n s  and  c y a n o c o b a l a m i n e s .  

D .  E x c r e t i o n  

A c e t o n i t r i l e  i s  f o u n d  i n  t h e  m o r n i n g  u r i n e  o f  c i g a r -  
.: ' * 
* :-: e t t e  smokers.  C o n c e n t r a t i o n s  o f  a c e t o n i  t r i  Le r a n g e  f rom 2.2 
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o f  t h e  o r g a n s  shoued t h a t  t h e  mean c o n c e n t r a t i o n  o f  

a c e t o n i t r i l e  i n  musc le  uas 136 ) rg /100 g of t i s s u e  and 2,438 

pg/ lOO g o f  k i d n e y  t i s s u e .  H i g h  a c e t o n i t r i l e  e x c r e t i o n  o r  

p o s s i b l e  r e n a l  b l o c k a g e  u e r e  p o s t u l a t e d  as t h e  causes f o r  t h e  

h i g h  r e n a l  c o n c e n t r a t i o n .  

N i t r i l e s  and t h e i r  m e t a b o l i c -  p r o d u c t s  have been de- 

t e c t e d  i n  u r i n e ,  b l o o d  and t i s s u e s  (RcKee, e t  a l .  1962) .  

C. M e t a b o l i s m  

S i n c e  human and a n i m a l  s t u d i e s  r e p o r t  symptoms 

c h a r a c t e r i s t i c s  o f  c y a n i d e  p o i s o n i n g ,  i t  i s  r e a s o n a b l e  t o  

assume t h a t  a p o r t i o n  o f  t h e  e f f e c t s  o f  e x p o s u r e  t o  a c e t o n i -  

t r i l e  i s  due t o  the -  r e l e a s e  o f  t h e  c y a n i d e  i o n  f r o m  t h e  p a r -  

e n t  compound CZelLer,  e t  a l ,  1 9 i 9 ;  A m d u r ,  1959; P o z r a n i ,  

1 9 5 9 ) .  

.. 

A f t e r  a b s o r p t i o n ,  n i t r i l e s  may be m e t a b o l i z e d  t o  an 

a l p h a  c y a n o h y d r i n  o r  t o  i n o r g a n i c  cyan ide ,  u h i c h  i s  o x i d i z e d  

. t o  t h i o c y a n a t e  and i s  e x c r e t e d  i n  t h e  u r i n e .  The C = N  g r o u p  

may be c o n v e r t e d  i n t o  a c a r b o x y l i c  a c i d  d e r i v a t i v e  and ammon- 

ia ,  o r  may be i n c o r p o r a t e d  i n t o  cyanocoba lamine .  I o n i c  cya- 

n i d e  a l s o  r e a c t s  u i t h  c a r b o x y l  g r o u p s  and u i t h  d i s u l f i d e s  

(RcKee, e t  a l .  19621. 

Haguenacr,  e t  a 1  ( 1 9 7 5 )  i n j e c t e d  w h i t e  ma le  Y i s t a r  

r a t s  w i t h  v a r y i n g  l e v e L t  o f  a c e t o n i t r i l e  r a n g i n g  f r o m  600 

mg/kg t o  2,340 mg/kg. A t  autopsy,  t h e  i n t e r n a l  o rgans  shoued 

t h a t  t h e  combined h y d r o g e n  c y a n i d e  c o n s i s t e d  e s s e n t i a l l y  of 

t h i ' o c y a n a t c s ,  c y a n o h y d r i n s  and cyanocoba lamines ,  

0. E x c r e t i o n  

A c e t o n i t r i l e  i s  f o u n d  i n  t h e  m o r n i n g  u r i n e  o f  c i g a r -  

e t t e  smokers .  C o n c e n t r a t i o n s  o f  a c e t o n i t r i l e  r a n g e  f r o m  2.2 
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a pg/ lOO m l  u r i n e  f o r  t h o s e  s m o k i n g  t h r e e  c i g a r e t t e s  p e r  d a y  up 

t o  20 p g / 1 0 0  m l  u r i n e  f o r  heavy  s m o k e r s  ( u p  t o  r.5 p a c k s  p e r  

d a y ) .  The r e s u l t s  s h o v e d  t h a t  a c e t o n i t r i  le ,  o n c e  a b s o r b e d  

i n t o  t h e  body, can  be e x c r e t e d  u n c h a n g e d  i n  t h e  u r i n e  (McKee, 

e t  a l .  1 9 6 2 ) .  

A c e t o n i t r i  l e  i s  a l s o  e x c r e t e d  u n c h a n g e d  i n  . e x h a l e d .  

a i r  (Haguenoer,  e t  a l .  1 9 7 s ) .  

I V .  EFFECTS 

A. C a r c i n o g e n i c i t y  

D o r i g a n ,  e t  a l .  (1976)  f a i l e d  t o  show s i g n i f i c a n t  

c a r c i n o g e n i c  e f f e c t s  i n  a t u o - y e a r  e x p o s u r e  s t u d y  c o n d u c t e d  

u i t h  r a t s .  - 
0 .  M u t a g e n i c i t y  

P e r t i n e n t  d a t a  u e r e  n o t  f o u n d  i n  t h e  a v a i l a b l e  l i t -  

e r a t u r e .  a 
C. T e r a t o g e n i c i t y  

I n t r a p e r i t o n e a l  ( i .p.1 a d m i n i s t r a t i o n  o f  a c e t o n i -  

t r i  l e  t o  p r e g n a n t  r a t s  p r o d u c e d  f e t a l  m a l f o r m a t i o n s  ( D o r i g a n ,  

e t  a l .  19761.  Schmid t ,  e t  a l .  ( 1 9 7 6 )  h a v e  d e t e r m i n e d  s k e l e -  

t a l  a b n o r m a l i t i e s  i n  r a t s  f o l l o w i n g  i .p.  e x p o s u r e  t o  a c e t o n i -  

t r i  l e .  

D. O t h e r  R e p r o d u c t i v e  E f f e c t s  

P e r t i n e n t  d a t a  u e r e  n o t  f o u n d  i n  t h e  a v a i l a b l e  l i t -  

e r a t u r e .  

E. C h r o n i c  T o x i c i t y  

I n  an e x p e r i m e n t  t o  s t i m u l a t e  c h r o n i c  o c c u p a t i o n 3 1  

e x p o s u r e  ( s e v e n  h o u r s  p e r  day, f i v e  days  p e r  ueek ) ,  30 r a t s  

a u e r e  e x p o s e d  t o  a c o n c e n t r a t i o n  o f  6 5 5  ppm a c e t o n i t r i l e  f o r  



I 

90 days.  The r a t s  e x h i b i t e d  b r o n c h i a l  i n f l a m m a t i o n ,  desqua- ,  

m a t i t a t i o n  and h y p e r s e c r e t i o n  o f  mucus, and h e p a t i c  and r e n a l  

l e s i o n s .  Monkeys e x p o s e d  b y  t h e  same regimen,  b u t  io 350 ppm 

a c e t o n i t r i l e  f o r  91 days, e x p e r i e n c e d  b r o n c h i t i s  and m o d e r a t e  

h e m o r r h a g e  o f  t h e  s u p e r i o r  and i n f e r i o r  s a g i t t a l  s i n u s e s  o f  

t h e  b r a i n  ( P o t r a n i ,  e t  a l .  1 9 5 9 ) .  

Dogs e x p o s e d  t o  a c e t o n i t r i l e  a t  a c o n c e n t r a t i o n  o f  

300 ppm f o r  91 d a y s  showed a r e d u c t i o n  i n  body  w e i g h t  as w e l l  

a s  a r e d u c t i o n  i n  h e m o g l o b i n  a n d  h e m a t o c r i t  v a l u e s  (Pozzani,, 

e t  a l .  1 9 5 9 ) .  

Monkeys e x p o s e d  t o  660 ppm a c e t o n i t r i l e  p e r  day  

showed p o o r  c o o r d i n a t i o n  du r ing  t h e  s e c o n d  week o f  e x p o s u r e  

a n d  a monkey e x p o s e d  t o  330 ppm showed h y p e r e x c i t a b i l i t y  

t o w a r d  t h e  end o f  t h e  13th  week ( P o t z a n i ,  e t  a l .  1 9 5 9 ) .  

- 

The same i n v e s t i g a t o r s  r e p o r t e d  c h r o n i c  LO50 

v a l u e s  o f  0.85 and 0 - 9 5  m l / k g  f o r  f e m a l e  r a t s  w h i c h  i .p.  ad-  

m i n i s t r a t i o n  o f  a c e t o n i t r i l e .  

G. O t h e r  R e l e v a n t  I n f o r m a t i o n  

Dogs e x p o s e d  w i t h  l e t h a l  q u a n t i t i e s  o f  a c e t o n i t r i l e  

(16,000 ppm f o r  f o u r  h o u r s )  showed b l o o d  c y a n i d e  l e v e l s  r a n g -  

i n g  f r o m  305-433 p g / l O O  m l . o f  b l o o d  a f t e r  t h r e e  h o u r s  (Poz- 

r a n i ,  e t  a l .  1 9 5 9 ) .  

3 

V.  AQUATIC TOXICITY 

O b s e r v e d  9 6 - h o u r  LC50 v a l u e s  f o r  t h e  f a t h e a d  

minnow ( P i m e g h a l e s  p r o m e l a s )  a r e  1020  m g / l  i n  h a r d w a t e r  a n d  

1000  m l / l  i n  s o f t w a t e r  (Br ingmann,  1 9 7 6 1 .  For b l u e g i l l s ,  

( L e p o m i t  m a c r o c h i r u s l  and g u p p i e s  ( L e b i s t e s  r e t i c u l a t u s ) ,  t h e  

- -  
I .  
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r e s p e c t i v e  9 6 - h o u r  v a l u e s  i n  s o ' f t u a t e r  a r e  1 8 5 0  m g / l  and 1 6 5 0  

m g / l  (Jones,  1971; Hendersqn,  e t  a l .  1 9 6 0 ) .  

8 .  C h r o n i c ,  P l a n t  E f f e c t s ,  and  R e s i d u e  

P e r t i n e n t  d a t a  were  n o t  f o u n d  i n  t h e  a v a i l a b l e  l i t -  

e r a t u r e .  

C. O t h e r  R e l e v a n t  I n f o r m a t i o n  

A c e t o n i t t i  Le has  been  o b s e r v e d  t o  damage t h e  b r o n -  

c h i a l  e p i t h e l i u m  o f  f i s h  ( B e l o u s o v ,  1 9 6 9 ) .  T h i s  compound, 

when added  t o  t h e  aqueous  e n v i r o n m e n t  o f  r o a c h e s  and fil- 

b e r t s ,  d i s r u p t e d  b l o o d  c i r c u l a t i o n  and p r o t e i n  m e t a b o l i s m  a n d  

i n d u c e d  h y p e r e m i a ,  hemorrhages,  and t h e  a p p e a r a n c e  o f  s m a l l  

g r a n u l e s  i n  t h e  h e a r t ,  b r a i n ,  l i v e r ,  a n d  g i l l s  o f  f i s h .  The 

h e p a t i c  g l y c o g e n  L e v e l  d e c r e a s e d  s h a r p l y .  CH3CN i n d u c e d -  

d e a t h  a p p a r e n t l y  r e s u l t e d  f r o m  c i r c u l a t o r y  d i s t u r b a n c e s  and  

- 

n e c r o b i o t i c  changes  i n  t h e  c e r e b r a l  n e u r o n s  ( B e l o u s o v ,  19721 .  
I 

A c e t o n i t r i l e  a t  a c o n c e n t r a t i o n  o f  100 m g / l  i n h i b -  

i t e d  n i t r i f i c a t i o n  i n  s a p r o p h y t i c  o r g a n i s m s  (Chekhovskaya ,  

1966) .  

V I .  EXISTING GUIDELINES 

A. Human ' 

A f e d e r h l  o c c u p a t i o n a l  s t a n d a r d  e x i s t s  f o r  a c e t o n i -  

t r i l e  and i s  b a s e d  on t h e  T L V  f o r  u o r k p l a c e  e x p o s u r e  p r e -  

v i o u s l y  a d o p t e d  b y  A m e r i c a n  C o n f e r e n c e  o f  G o v e r n m e n t a l  and 

I n d u s t r i a l  H y g i e n i s t s .  T h i s  T L V  i s  40 ppm ( 7 0  mg/m3) and  

i s  a n  e i g h t - h o u r  TWA. 

a. A q u a t i c  

P e r t i n e n t  d a t a  were  n o t  f o u n d  i n  t h e  a v a i l a b l e  l i t -  

e r a t u r e .  

000030 
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DISCLAIMER 

T h i s  report  r e p r e s e n t s  a s u r v e y  o f  t h e  p o t e n t i a l  h e a l t h  
and  e n v i r o n m e n t a l  hazards  f rom e x p o s u r e  t o  t h e  s u b j e c t  chemi- 
cal. The i n f o r m a t i o n  c o n t a i n e d  i n  t h e  report  is drawn c h i e f l y  
from s e c o n d a r y  s o u r c e s  and a v a i l a b l e  r e f e r e n c e  documents.  
Because  of t h e  l i m i t a t i o n s  of such s o u r c e s ,  t h i s  s h o r t  p r o f i l e  
may n o t  r e f l e c t  a l l  ava i lab le  i n f o m a t i o n  i n c l u d i n g  a l l  t h e  
a d v e r s e  h e a l t h  and e n v i r o n m e n t a l  i m p a c t s  p r e s e n t e d  by t h e  
s u b j e c t  chemical. T h i s  document has unde rgone  s c r u t i n y  t o  
e n s u r e  i ts  t e c h n i c a l  accuracy. 



ACETOPHENONE 

S m a r y  

Acetophenone is present in various fossil f u e l  processes and products, 

par t icu lar ly  coal  and petroleum products. It is used as a f lavor ing agent 

i n  products for  human consumption and as an intermediate i n  organic 

synthetic processes, par t i cu la r ly  p las t i cs  manufacturing. -. 
No data on the potent ia l  f o r  carcinogenic, mutagenic, or  teratogenic 

ef fects or  on the chronic t o x i c i t y  o f  acetophenone were found in the 

available l i terature.  

There are no ex is t ing OSHA, NIOSH, or  ACGIH standards o r  guidelines. 

Acetophenone is a skin irr i tant and has been shown t o  cause severe eye irri- . 

ta t i on  i n  rabbi ts a t  microgram quantities. 

aquatic l i f e  

Acetophenone i s  highly tox ic  t o  

.. . 
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I. INTRODUCTION 

Acetophenone (l-phenylethanone, phenyl methyl  ketone, acetyl-  

benzene, benzoyl methide, hYPnone, C 6 H s m C b  ; molecular weight 120.15) 

is a l i q u i d  with a melting point of  20.5% and is s l i g h t l y  so luble  i n  

water. Acetophenone is used t o  impart a pleasant  jasmine or orange- 

blossom-like odor t o  perfumes, as a catalyst f o r  t h e  polymerization of ole- 

f i n s ,  and i n  organic syntheses,  especially as a photosynthesizer (Windholz, 

1976). Additionally,  it is used as a tobacco f lavoring,  as a solvent  or 

intermediate i n  the synthes is  of pharmaceuticals, and as a by-product o f  the  

coa l  processing industry.  Acetophenone is present  i n  gasoline exhaust a t  

less than 0.1 t o  0.4 ppm (Verschueren, 19771. 

11. EXPOSURE 

No data on l e v e l s  of  acetophenone i n  food or  water or on other  

po ten t i a l  ( inha la t ion  or dermal) exposures were found i n  the readi ly  ava i l -  

able l i t e r a t u r e .  

111. PHARMACOKINETICS - 

Information on t h e  absorption, d i s t r i b u t i o n ,  metabolism, or ex- 

c re t ion  of acetophenone was not found i n  the readily ava i l ab le  l i t e r a t u r e ,  

desp i te  the  fact t h a t  it is used i n  pharmaceutical preparat ions and i n  

tobacco, perfume, and other  products f o r  human cornsumption. 

I V .  EFFECTS 

A. Carcinogenicity, Mutagenicity, Teratogenicity,  and Chronic Toxicity 

Readily available da ta  are extremely l imited.  One paper suggests 

t he  possible  mutagenicity of acetophenone due t o  its a b i l i t y  t o  cause DNA 

breakage i n  b a c t e r i a l  systems following DNA photosensi t izat ion (Rahn, e t  ' 

a l .  Because of t h e  pa r t i cu la r  s e n s i t i v i t y  of t h e  bac te r i a l  &stern 

t o  DNA breakage, t h i s  information by itself is i n s u f f i c i e n t  t o  es tab l i sh  

acetophenone a s  a mutagenic agent. 

1971). 

I? 

37 
000036 



There is no addi t ional  data readily ava i lab le  on the  po ten t i a l  f o r  

No data carcinogenic, mutagenic, or teratogenic a c t i v i t y  by acetophenone. 

are avai lable  on chronic toxici ty .  

8. Acute Toxicity 

Skin i r r i t a i o n  was observed i n  the rabbi t  a t  10 mW24 hrs. using 

the draize procedure and a t  515 mg when applied t o  the skin i n  the absence 

of t he  absorbent gauze patch, Severe eye i r r i t a t i o n  was obtained i n  t h e  

r a b b i t  following appl icat ion of 771 ug of acetophenene. The oral ID50 i n  

rats was 900 mg acetophenonefig, while the lethai dose following intra- 

peritoneal in jec t ion  in mice was 200 mghg (NIOSH, 1978). Acetophenone is a 

hypnotic i n  high concentrations and was used as an anesthetic in the last 

century before less toxic substances w e r e  found ( K i r k  and Other, 1963). 

C. O t h e r  Relevant Information 

-. 

Based upon the re ten t ion  time i n  a gas chmmatographic/mass spec- 

trographic column, Veith and Austin (1976) suggest a po ten t i a l  for bio- 

accumulation of acetophenone, There is no addi t ional  information available 

t o  ve r i fy  this s i tua t ion ,  however. 

a 
Microbial metabolism o f  acetophenone as  the s o l e  source o f  carbon 

and energy has been demonstrated i n  pure cu l ture  (Cripps, 1975). 

V. AQUATIC TOXICITY 

Based upon reported values i n  the literature, acetophenone has 

Lc50 been shown t o  be highly tox ic  t o  aquatic l i f e ,  ( U S .  E P A ,  1979). 

values f o r  fathead minnow are reported fo r  the following time periods: 1 

hour, g rea te r  than 200 mg/ l ;  24 hours, 200 mg/l; 48 hours, 163 mg/l; 72 

hours, 158 mg/l; and 96 hours, 155 mg/l (U.S. €PA, 1976). 

Acetophenone has been reported t o  be a major const i tuent  (36 per- 

cent )  of a weathered bunker fuel. This suggests that  i t  may be present in 

l a rge  quantity following s p i l l s  of some bunker fuels (Guard, e t  a l ,  1975). 
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Bunker f u e l s  are highly v a r i a b l e  form r e f i n e r y  t o  r e f i n e r y ;  thus ,  a blanket  

s ta tement  as t o  percentage composition of  acetophenone or o t h e r  c o n s t i t u e n t s  

cannot be made. 

VI .  EXISTING GUIDELINES AND STANDARDS 

3 

There are no e x i s t i n g  g u i d e l i n e s  and s tandards  from OSHA, NIOSH, 

or ACGIH. S i m i l a r i l y  , no ambient water q u a l i t y  s tandards  f o r  acetophenone 

.exis t .  

, 

. 

4 
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T h i s  r e p o r t  r e p r e s e n t s  a su rvey  of t h e  p o t e n t i a l  h e a l t h  
and environmental  haza rds  from exposure t o  t h e  s u b j e c t  chemi- 
cal. The informat ion  con ta ined  i n  t he  report is drawn c h i e f l y  
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Because of the  l i m i t a t i o n s  of such s o u r c e s l  t h i s  s h o r t  p r o f i l e  
may n o t  r e f l e c t  all a v a i l a b l e  in fo rma t ion  i n c l u d i n g  all t h e  
adverse  heal th  and environmental  impacts p re sen ted  by the 
s u b j e c t  chemical. T h i s  document has undergone s c r u t i n y  t o  
ensu re  its t e c h n i c a l  accuracy.  

4%. 
_. . . 

. i, 
. .  . . .  . 

- 



ACETYL CHLORIDE 

Summary 

Acetyl c h l o r i d e  is an i r r i t a n t  and a co r ros ive .  Cutaneous exposure 

r e s u l t s  i n  s k i n  bums ,  while vapor exposure causes  extreme i r r i t a t i o n  of  the 

eyes and mucous membranes. I n h a l a t i o n  of two ppm acetyl c h l o r i d e  has, been 

found i r r i t a t i n g  t o  humans. Death o r  permanent i n j u r y  may r e s u l t  after 

s h o r t  exposures t o  small q u a n t i t i e s  o f  acetyl ch lo r ide .  An a q u a t i c  t o x i c i t y  

r a t i n g  has been estimated t o  range f r o m  10 t o  100 ppm. 

However, acetyl chloride reacts v i o l e n t l y  w i t h  water. Thus, its ha l f -  

l i f e  i n  ambient water should be s h o r t  and exposure from water should be n i l .  

The degradat ion products  should likewise pose no exposure problems i f  t h e  pH 

of the water m a i n s  stable. 

Y- 3 
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I. INTRODUCTION 

ACETYL CHLORIDE 

\ 

a 
ry.. 

Acetyl chloride (ethanoyl chloride; CH3COC1; molecular weight, 78.50) 

is a color less ,  fuming l iqu id  with a pungent odor, a boi l ing point of 

51-52OC, and a melting point o f  -112OC (Windholz, 1976). It  is used a s  

an acetylat ing agent i n  t e s t ing  f o r  cholesterol  and i n  the qual i ta t ive  

determination o f  water i n  organic l iquids.  It i s  miscible with benzene, 

chlomfonn, ether o r  glacial ace t i c  acid (Windholr, 1976). In the  presence 

of water o r  alcohol, however, acetyl chlor ide hy'drolyzes violent ly  t o  form 

hydrogen chloride and ace t i c  acid. Phosgene f m e s ,  which are highly toxic ,  

are emitted when acetyl  chloride is heated t o  decomposition (Sax, 1975). 

The 1975 U S .  annual production of ace ty l  chlor ide was approximately 

4.54 x lo5 grams (91, 1976). During transportation, t h i s  chemical should 

be stored i n  a cool, well-ventilated place, out  of direct sunl ight ,  and away 

f r o m  areas of high f i r e  hazard; it should per iodical ly  be inspected ( S a x ,  

1975). Acetyl chlor ide must be protected from water (Windholz, 1976). 

11. MPOSURE 

. 7 

Acetyl chloride reac ts  violent ly  w i t h  water (see above). Thus, its 

ha l f - l i fe  i n  ambient water should be shor t  and exposure from -water should be 

n i l .  The degradation products should likewise pose no exposure problems i f  

the pH of the water remains Stable. In te rna l  exposure t o  ace ty l  chlor ide 

w i l l  most l i k e l y  occur through inhalat ion of the vapor, o r ,  on rare occa- 

sions,  through ingestion. Skin absorption is very unlikely although severe 

burns would be expected. 

111. PHARMACOKINETICS 
e 

Pertinent data could not be located i n  the  avai lable  l i t e r a t u r e .  
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I V .  EFFECTS 

Acetyl c h l o r i d e  is an i r r i t a n t  and a co r ros ive .  Cutaneous exposure 

Vapor exposure causes  extreme i r r i t a t i o n  o f  t h e  eyes r e s u l t s  i n  s k i n  burns. 

and mucous membranes (Windholz, 1976). I n h a l a t i o n  of 2 ppm acetyl c h l o r i d e  

was found i r r i t a t i n g  t o  humans (Handbook o f  Organic I n d u s t r i a l  So lven t s ,  

1961). Oeath or permanent i n j u r y  may r e s u l t  after very s h o r t  exposures t o  

small  q u a n t i t i e s  o f  a c e t y l  c h l o r i d e  (Sax, 1975). 

Because the t o x i c i t y  of acetyl c h l o r i d e  'might be expected t o  pattern 

t h a t  o f  its breakdown product hydrogen c h l o r i d e  (Ha), LCLo value ( t h e  

lowest concen t r a t ion  of a substance i n  a i r  which has been reported t o  cause 

death i n  humans or animals) f o r  HC1 might be i n d i c a t i v e  o f  its t o x i c i t y .  

This value i n  h m s  is 1000 ppm fo r  one minute (Mason, 1974). 

P e r t i n e n t  information could no t  be loca ted  i n  t h e  a v a i l a b l e  l i t e r a t u r e  

r e g a d i n g  the ca rc inogen ic i ty ,  mutagenicity,  t e r a t o g e n i c i t y  and ch ron i  

t o x i c i t y  o f  acetyl ch lo r ide .  

V. AQUATIC TOXICITY 

Acetyl c h l o r i d e  has been shown t o  be t o x i c  t o  a q u a t i c  organisms i n  t h e  

ranges o f  10 t o  100 ppm (Hann and Jensen, 1974). No o t h e r  information has 

been found i n  t h e  l i t e r a t u r e .  

V I .  METING GUIDELINES A N 0  STANDARDS 

No s t anda rds  f o r  a c e t y l  c h l o r i d e  have been reported.  However, a 

c e i l i n g  limit of 5 ppm has been reported fo r  hydrogen c h l o r i d e  ( the  most 

i r r a t a t i n g  hydro lys i s  product of acetyl c h l o r i d e )  i n  i n d u s t r i a l  exposures. 

(Mason, 1974) . ' 

. .  . 
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DISCLAIMER 

This r e p o r t  r e p r e s e n t s  a su rvey  of t h e  p o t e n t i a l  heal th  
and environmental  hazards from exposure t o  t h e  s u b j e c t  chemi- 
cal. The informat ion  con ta ined  i n  t h e  r e p o r t  is drawn c h i e f l y  
from secondary s o u r c e s  and available r e f e r e n c e  documents . 
Because of t h e  l i m i t a t i o n s  of such  sources, t h i s  s h o r t  p r o f i l e  
may n o t  ref lect  a l l  a v a i l a b l e  informat ion  inc lud ing  a l l  t he  
adverse  h e a l t h  and envi ronmenta l  impacts  p re sen ted  by t h e  
s u b j e c t  chemical. T h i s  document h a s  undergone s c r u t i n y  t o  
ensu re  its t e c h n i c a l  accuracy.  



ACROLEIN , 

SUMMARY 

. .. 
"i. 

, .  . .  
, .; " '. . ' * ' .  

Acrolein has not  been shown t o  be a carcinogen or cocarcinogen i n  in- 

h a l a t i o n  experiments. Acrolein is mutagenic i n  some assay systems. Infor-  

mation on t e r a t o g e n i c i t y  is no t  a v a i l a b l e .  The only r epor t ed  ch ron ic  effect 

of  a c r o l e i n  i n  humans is i r r i t a t i o n  o f  the  mucous membranes. Chronic expo- 

s u r e  of Syr i an  golden hamsters t o  a c r o l e i n  i n  t h e  a i r  caused reduced body 

weight. g a i n s  and inflammation and e p i t h e l i a l  '- metaplasia i n  the n a s a l  

c a v i t y .  I n  a d d i t i o n ,  females had decreased l i v e r  weight, increased lung 

weight, and s l i g h t  hematologic changes. 

Acrolein has been demonstrated t o  be a c u t e l y  t o x i c  i n  freshwater organ- 

isms a t  concen t r a t ions  of  57 t o  160 pg/l. A s i n g l e  marine f i s h  tested was 

somewhat more r e s i s t a n t  with a 48-hour LCso of 240 pg/1. Toxici ty  t o  

marine i n v e r t e b r a t e s  was comparable t o  t h a t  o f  freshwater organisms. 

9 3  



ACROLEIN 

I. INTRODUCTION . 
This p r o f i l e  is based on t h e  Ambient Water C u a l i t y  Criteria Document 

f o r  Acrolein ( U S .  EPA, 1979). 

Acrolein (2-propenal; CH2=McHo; molecular weight 56.07) is a flamm- 

It has the following physical  and chemical able l i qu id  with a pungent odor. 

properties (Weast, 1975; Standen, 1967) : 

Melting Point  
Boiling Point  Range 
Vapor Pressure 
So lub i l i t y  

Oensity 
Production (Worldwide) 
Capacity (Worldwide 1 
Capacity (United S t a t e s  

-86.94OC 
52.5 - 53.5OC 
21% Hg,at 20°C 
Water: 210.8 percent by weight 
a t  2ooC 
0.8410 at  2OOC 
59 k i lo tons  (Hess, e t  a l .  1978) 
102 ki lotcns/year  
47.6 ki lotons/year  

Acrolein is used as a biocide,  c m s s l i n k i n g  agent,  and t i s s u e  f ix-  

a t ive .  It is used as an intermediate  throughout the chemical indus t ry .  

The fate of ac ro le in  i n  water was observed i n  na tu ra l  channel waters 

(Bowmer and Higgins, 1976). No equilibrium was reached between d i s s i p a t i n g  

. ac ro le in  and degradation products, with the  d i s s i p a t i n g  reac t ion  apparently 

being continued t o  completion. Degradation and evaporation appear t o  be the 

major pathways fo r  l o s s ,  while a smaller moun t  is l o s t  through absorpt ion 

and uptake i n  aquat ic  organisms and sediments (Bomer and Sa in ty ,  1977; 

Hopkins and Hattrup, 1974). 

11. DBOSURE 

There is no available evidence that ac ro le in  is a contaminant of  pot- 

able water o r  water supplies ( U S .  P A ,  1979). 

Acrolein is a common component of food. It is commonly gegerated 

during cooking or o the r  processing, and is sometimes produced as an unwanted 

800049 



,by-product i n  t h e  fermentatdn of alcoholic beverages (Iz rd and ibermann, a 
1978; K i s h i ,  e t  a l .  1975; Hrdlicka and Kuca, 1965; Boyd, e t  a l .  1965; 

Rosenthaler and Vegezzi, 1955). However, the data are insufficient t o  

develop a conclusive measure of acrolein exposure from food processing o r  

cooking. 

The U.S. EPA (1979) has estimated the weighted average bioconcentration 

factor for acrolein to  be 790 fo r  t h e  edible portions of f i s h  and s h e l l f i s h  

consumed by Americans. 

concentration studies in  bluegills. 

This  estimate is based on measured steady-state bio- 
.. 

Atmospheric acrolein i s  generated as  a combustion product of fuels and 

of cellulosic materials (e.g., wood and cigaret tes) ,  as  an intermediate i n  

atmospheric oxidation of propylene, and as a component of the volati les pro- 

duced by heating organic substrates (U.S. €PA, 1979). Acrolein is present 

i n  urban smog; average concentrations of 0.012 - 0.018 mg acrolein/m 

peak concentrations of 0.030 - 0.032 mg acrolein/m3 were noted i n  the a i r  

of Los Angeles (Renzetti and Bryan, 1961; Altshuller and McPherson, 1963). 

Diesel exhaust emissions contained 12.4 mg acrolein/m3; trace amounts of  

acrolein were present  i n  samples taken from an area o f  t r a f f i c ;  and no acro- 

lein was detected i n  ambient a i r  from an open f ie ld  (sensit ivity of measure- 

ment was below one part per million) (Bellar and Sigsby, 1970). Acroiein 

content of smoke from tobacco and marijuana cigarettes ranged from 85 t o  145 

uglcigarette (Hoffman, et a l .  1975; Horton and Guerin, 1974). Acrolein was 

detected a t  levels of 2.5 - 30 mg/m3 a t  15 cm above the surface of pota- 

toes or onions cooking i n  edible o i l  ( K i s h i ,  e t  a l .  1975). 



111. ,WRMACOKINETICS 

A. Absorption 

I Total  resp i ra tory  tract r e t en t ion  of ac ro le in  i n  anesthet ized dogs 

was 77 t o  86 percent (Egle, 1972). 

8. Dis t r ibu t ion  

Pe r t inen t  data were not found i n  the available l i t e r a t u r e .  

c. Metabolism 

Relat ively l i t t l e  direct  information is available on the metabolism 

of acrolein.  In  v i t r o ,  ac ro le in  can serve as a hrbstrate f o r  a lcohol  dehy- 

drogenases from tnnnan and horse liver (Pie t rus tko ,  e t  al. 1973). 2 

-r 

s tud ie s  i n  rats ind ica t e  that a por t ion  of  subcutaneously administered acro- 

lein is converted t o  34ydroxylpmpykercapturic acid (Kaye and Young, 1972; 

Kaye, 1973). Acrolein undergoes both spontaneous and enzymatically cata- 

lyzed con jugat ion with g lu ta th ione  (Boyland and Chasseaud, 1967; Esterbauer ,  

e t  al. 1975). The low pH's encountered i n  t he  upper por t ions  o f  t he  gastro-  

i n t e s t i n a l  tract probably would rap id ly  convert  ac ro le in  t o  sa tu ra t ed  alco- 

hol  compounds (primarily beta propionaldehyde) (U.S. F A ,  1979). As several 

of the t ox ic  effects of ac ro le in  are related t o  t h e  high reactivity o f  the 

carbon-carbon double bond, s a tu ra t ion  of that bond should r e s u l t  i n  detoxi- 

f i c a t i o n  (US. €PA, 1979). 

0. Excretion 

In rats given s i n g l e  subcutaneous i n j e c t i o n s  of ac ro le in ,  10.5 per- 

cen t  .of the  administered dose was recovered i n  t h e  ur ine  as 3-hydroxy- 

propylmercapturic acid af ter  24 hours (Kaye and Young, 1972; Kaye, 1973). 

.! , .-... 
a + 

5-6 



I V .  EFFECTS 

A. Carcinogenicity 

One-year and lifespan inhalation s tudies  with hamsters indicate 

that acrolein is not a carcinogen o r  cocarcinogen (Femn and Kruysse, 1977; 

National Cancer I n s t i t u t e ,  1979). . .  

8 .  Wtagenicity 

Both positive and negative resul ts  have been obtained i n  muta- 

genicity assays. Acrolein induced sex-linked mutations i n  Drosophila 

melanoqaster (Rapoport , 1948) and was mutagenic f o r  DNA polymerase-deficient 

Escherichia coli (Mlimoria, 1975) and Salmonella typhimurium (Bignami, e t  

a l .  1977). Mutagenic act ivi ty  was not detected i n  the dominant le thal  assay 

i n  ICR/Ha Swiss mice (@stein, e t  a l .  1972) or  i n  a s t ra in  of E. coli used 

fo r  detecting forward and reverse mutations (wi th  or without microsomal 

activation) (Ellenberger and Mohn, 1976; 1977). Acrolein was weakly muta- e genic for Sacchammvces cerevisiae (Izard, 1973). 

C. Teratogenicity 

Per t inent  data were not found i n  the available l i terature .  

C. Other Reproductive Effects 

Exposure of male and female ra t s  t o  1.3 mg/m3 acrolein rapor for 

26 days d i d  not have a significant effect  on the number of pregnant animals 

or  t he  number and mean weight of fetuses (Bouley, e t  a l .  1976). 

E. Chronic Effects 

L i t t l e  information is available on the chronic effects  of acrolein 

on humans. An abstract of a Russian s tudy  indicates that  occupational expo- 

sure t o  acrolein (0.8 t o  8.2 mg/m 1, methylmercaptan (0.003 t o  5.6 

mg/m3), methylmercaptopropionaldehyde (0.1 t o  6.0 mg/m3), formaldehyde 

(0.05 t o  8.1 mg/m3), and acetaldehyde (0.48 t o  22 mg/m3) is associated 

3 
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wi th  i r r i t a t i o n  of the mucous membranes. This effect is most frequent i n  

women working f o r  less than one and g r e a t e r  than seven years- (Kantemirova, 

1975). Acrolein is known t o  produce i r r i t a t i o n  of t h e  eyes and nose (Albin 

1962; Pattle and Cullumbine, 1956; Sim and Pattle, 1957) and is thought t o  

be responsible,  a t  least i n  p a r t ,  f o r  the i r r i t a n t  proper t ies  of 

photochemical smog (Al t shul le r ,  1978; Schuck and Renre t t i ,  1960) and 

cigarette smoke (Weber-Tschopp, e t  al- 1976a; 1976bi 19771. 

-. In  the only published chronic t o x i c i t y  study on acro le in  i n  animals 

(Femn and Kmysse, 19771, male and female Syrian golden hamsters were ex- 
3 posed t o  acro le in  a t  9.2 mg/m in air, seven hours per day, five days per 

week, fo r  52 weeks. During the first week only, animals evidenced s igns  of 

eye i r r i t a t i o n ,  sa l iva ted ,  had nasal discharge, and were very restless. 

During the exposure period, both males and females had reduced body weight 

gains  compared to  cont ro l  groups. Survival  rate was unaffected. S l i g h t  

hematological changes, increased hemoglobin content  and packed cell  volume, 

decreases i n  l i v e r  weight (-16 percent) ,  and increases i n  lung weights (+32 

Percent) occurred only i n  females- In  both sexes, the  only pathological  

changes i n  the resp i ra tory  tract were inflammation and epithelial metaplasia 

i n  the nasal cavi ty .  

In a study o f  subacute oral exposure, acro le in  was added t o  the 

drinking water of male and female rats a t  5 t o  200 mg ac ro le in / l  f o r  90 days 

(Newell, 1958). No hematologic, organ-weight, or pathologic changes could 

be a t t r i b u t e d  t o  acro le in  ingestion. 

F. Other Relevant Information 

Acrolein is highly reactive with th io l  groups. Cysteine and o ther  

compounds containing t h i o l  groups antagonize the tox ic  effects of acro le in  



a ( T i l l i a n , '  e t  a l .  1976; Low, e t  a l .  1977; Sprince,  e t  a l .  1978; Munsch, e 

a l .  1973; 1974; Whitehouse and Beck, 1975). 

t h e  t o x i c  effects of  a c r o l e i n  (Sprince,  e t  a l .  1978).. 

Ascorbic acid a l s o  antagonizes 

The effects of a c r o l e i n ,  on the  adrenocor t ica l  response of rats 

u n l i k e  those of  DOT and parathion,  are not inh ib i ted  by pretreatment  wi th  

phenobarbital  and are only p a r t i a l l y  i n h i b i t e d  by dexamethason (Szot and 

Murphy, 1970). Pretreatment of rats wi th  a c r o l e i n  s i g n i f i c a n t l y  prolongs 

hexobarbi ta l  and pentobarb i ta l  s leep ing  time (Jaeger  and Murphy, 1973). 

V. AQUATIC TOXICITY 

A. Acute Toxici ty  

A r e l a t i v e l y  narrow range of a c u t e  t o x i c i t y  t o  s i x  s p e c i e s  of 

freshwater f i s h  has been reported f o r  a c r o l e i n  (U.S. P A ,  1979). LC50 

values  ranged from 61 t o  160 p g / l  with fa thead minnows, (Pimephales 

promelas),  being most s e n s i t i v e  and largemouth bass,  (Micro t e r u s  

salmoides) ,  the most r e s i s t a n t  of  t h e  spec ies  t e s t e d .  Resul t s  f r o m  a 7 s t a t i  

bioassays varying from 24 t o  96 hours i n  dura t ion  were reported.  The fresh- 

water i n v e r t e b r a t e  Daohnia maqna was as s e n s i t i v e  t o  a c r o l e i n  a s  freshwater 

f i s h  with 48-hour s ta t ic  LCu3 va lues  of 59 and 80 u g / l  being reported i n  

two indiv idua l  s t u d i e s .  The longnose k i l l i f i s h ,  (Fandulus similis), was the  

only marine spec ies  tested f o r  a c u t e  t o x i c i t y  of  a c r o l e i n ;  a 48-hour flow- 

_ _  through - . LC50 of 150 pg/1  was obtained. The e a s t e r n  o y s t e r ,  (Crassostrea 

v i r q i n i c a ) ,  and a d u l t  brown shrimp, (Penacus a z t e c u s ) ,  were t h e  most sens i -  

t i v e  spec ies  t e s t e d  an EC50 value of  55 pg/1 based on 50% decrease i n  

s h e l l  growth of o y s t e r s  and an EC50 value of 100 based on l o s s  of equi- 

librium o f  brown shrimp (But le r ,  1965). Adult barnacles  were more r e s i s t a n t  

i n  s ta t ic  assays  wi th  48-hour LCu3 values  of 1,600 and 2,100 pg/1 being 

reported.  
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8 .  Chronic Toxicity 

In a chronic l i f e  cycle test with t h e  freshwater fathead minnow, 

Pimeohales promelas, surv iva l  o f  newly hatched second generation f r y  was 

reduced s ign i f i can t ly  a t  42 but not  11 rJg/1, leading t o  a chronic value of 

21.8 pg/l  (Macek, e t  al. 1976). A comparable value of 24 pg/1 was obtained 

f r o m  reduced surv iva l  of three generat ions of Daphnia mama. Chronic data 

f o r  marine organisms was not avai lable .  

c. P l a n t  E f f e c t s  

Per t inent  data r e l a t i n g  the phytotoxi'city of freshwater marine 

p l an t s  could not  be located i n  the ava i l ab le  l i t e r a t u r e .  

0. Residues 

A bioconcentration factor of 344 w a s  obtained f o r  radio labeled 

acro le in  administered to b lueg i l l s ,  (Lepomis macrochivas) . A bio logica l  

half-life g rea t e r  than seven days was indicated (U.S. €PA. 1979). 

VI.  MISTING GUIDELINES AND STANDARDS 

Neither the human heal th  nor the aquat ic  criteria derived by the U S .  

€PA (19791, which are summarized below, have gone through t h e  process of 

public review; therefore ,  there is a p o s s i b i l i t y  that  these cri teria w i l l  be 

changed. 

A. M a n  

Based on the  use of subacute tox ico logica l  data f o r  ra t s  (no 

observable effect level of 1.56 mg/kg body weight) and an uncertainty f a c t o r  

of 1000, the U.S. €PA (1979) has derived a d r a f t  c r i t e r i o n  of 6.50 yg/1 fo r  

ac ro le in  i n  ambient water. This draf t  c r i t e r i o n  l e v e l  corresponds t o  the 

ca lcu la ted  (U.S. F A ,  1979) acceptable da i ly  in t ake  of 109 pg. 

(0.25 mg/m3). 

The ACGIH (1977) time-weighted average TLV f o r  acro le in  is 0.1 ppm 

The same value is recommended by O W  (39 FR 23540). This  - 

5 = / 4  . 000055 



standard was designed t o  "minimize, b u t  n o t  . e n t i r e l y  prevent ,  i r r i t a t i o n  t o  e 
a l l  exposed ind iv idua l s "  (ACGIH, 1974). 

The FDA permits  a c r o l e i n  as a s l ime-control  substance i n  t h e  manu- 

f a c t u r e  of  paper and paperboard f o r  usage i n  food packaging (27 FR 46) and 

i n  t he  t reatment  of  food starch (28 FR 2676) a t  not  more than  0.6 percent  

. 

a c r o l e i n .  

6.  Aquatic 

The d r a f t  c r i t e r i o n  f o r  p r o t e c t i n g  freshwater organisms i s  1.2 pg/1 -. 

as a 24-hour average no t  t o  exceed 2.7 p g / L  For marine l i f e ,  t he  d r a f t  

c r i t e r i o n  has been proposed as 0.88 ug/l ,  no t  t o  exceed 2.0 pg/l .  

000056 
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DISCLAIMER 

This report r e p r e s e n t s  a s u r v e y  of the  p o t e n t i a l  hea l th  
and e n v i r o m e a t a l  h a z a r d s  from exposure  t o  t h e  s u b j e c t  chemi- 
cal ,  The i n fo rma t ion  con ta ined  i n  t h e  r e p o r t  is  drawn c h i e f l y  
from secondarp  sources  and a v a i l a b l e  r e f  e r e n c e  documents. 
Because of t h e  l i m i t a t i o n s  of such  sources, t h i s  s h o r t  p r o f i l e  
may n o t  r e f l e c t  all available i n f o n c a t i o n  i n c l u d i n g  a l l  t h e  
adve r se  heal th  and envi ronmenta l  im?atts p r e s e n t e d  by the  
s u b j e c t  chenical. This document has undergone s c r u t i n y  t o  
e n s u r e  its t e c h n i c a l  accuracy ,  

- 
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SPECIAL NOTATION 

U.S. EPA's Carcinogen Assessment Group (CAG) has evaluated 

acrylonitrile and has found sufficient evidence to indicate 

that this compound is carcinogenic. 

i t  " : 
. .  . I  
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ACRYLONITRILE 

SWW 

Acry lon i t r i l e  is the  most extensively produceL ali hatic n i t r i l e  and 

ranks 45th on the list of  high-volume chemicals produced in the U.S. Chron- 

ic exposure t o  a c r y l o n i t r i l e  produces mild l i v e r  damage and funct ional  dis-  

orders  o f  t he  c e n t r a l  nervous system, cardiovascular  and hemopoietic ‘sys- 

tems. Acry lon i t r i l e  has shown mutagenic a c t i v i t y  in Omsoohila and bacter- 

ia. This compound is t e ra togenic  in rats whether exposure is  by inha la t ion  

o r  inges t ion  i n  dr inking water. There are both a n i m a l  and epidemiologic 

data to suggest ‘that a c r y l o n i t r i l e  may be a human carcinogen. 

The fathead minnow has an observed 96-hour LCX value ranging from 

10,100 t o  18,100 pg/1 depending on test condi t ion and a 30-day LC50 value 

o f  2,600 pg/l .  For the freshwater inve r t eb ra t e ,  Daphnia maana, a reported 

48-hour LCSa value is 7,550 pg/1 with no adverse effects t o  concentration 

as high as 3,600 pg/1 i n  a l i f e  cycle test. 
e 

A saltwater f i s h  has an observ- 

ed 96-hour LCso of 24,500 ug/l .  A b l u e g i l l  i n  a 28-day study bioconcen- 

trated a c r y l o n i t r i l e  48-fold with a half-l ife of 4-7,days. 



ACRY LON ITR ILE 

I. INTRODUCTION 

- T h i s  p r o f i l e  is based on t h e  Ambient Water Q u a l i t y  Criteria Document 

f o r  A c r y l o n i t r i l e  (U.S. EPA, 1979). 

A c r y l o n i t r i l e  (M2=CHCN) i s  an explosive,  flammable l i q u i d  having a 

normal b o i l i n g  point  of 77% and a vapor p re s su re  of 80 mm Hg (2O0C). 

Current ly ,  1.6 b i l l i o n  pounds per year of  a c r y l o n i t r i l e  are manufactured i n  . 

the  United States. The major use of  a c r y l o n i t r i l e  is i n  t h e  manufacture of 

copolymers f o r  t h e  production o f  acrylic and modacrylic fibers. Acryloni- 
-. 

tr i le has been used as a fumigant; however, a l l  U.S. r e g i s t r a t i o n s  f o r  t h i s  

use were vo lun ta r i ly  withdrawn as  o f  August 8, 1978 ( U . S .  EPA, 1979). 

11. EXPOSURE 

A. Water 

While no data on monitoring o f  water suppl ies  f o r  t h e  presence of 

a c r y l o n i t r i l e  were found i n  t h e  l i t e r a t u r e ,  p o t e n t i a l  problems may e x i s t .  

Possible  sources  o f  a c r y l o n i t r i l e  i n  t he  aqueous environment are: ( a )  dump- 

ing  of chemical wastes, (b)  leaching of wastes from i n d u s t r i a l  l a n d f i l l s ,  

(c)  leaching of monomers from polymeric a c r y l o n i t r i l e ,  and ( d )  p r e c i p i t a t i o n  

from r a i n .  A c r y l o n i t r i l e  is  shor t - l i ved  i n  t h e  aqueous environment; a 10 

ppm s o l u t i o n  was completely degraded a f te r  6 days i n  Mississ ippi  River water 

(Midwest Research I n s t i t u t e ,  1977). 

8.  Food 

There is no data on t h e  levels o f  a c r y l o n i t r i l e  i n  food. However, 

a c r y l o n i t r i l e  may contaminate food by leaching of the  monomer from polyacry- 

l o n i t r i l e  con ta ine r s  (Nat ional  Resources Defense Council, 1976) .  The U.S. 

EPA (1979) has estimated the  weighted average bioconcentrat ion factor '  f o r  
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a c q ' l o n i t r i l e  to  be 110 f o r  the  edible por t ions  of f i s h  and s h e l l f i s h  con- 

sumed by Americans. This estimate is  based on steady-state bioconcentrat ion 

s t u d i e s  i n  b lueg i l l s .  

C. Inha la t ion  

N I O S I  (1978) estimated t h a t  125,000 workers are exposed t o  acrylo- 

n i t r i l e  each year. Acry lon i t r i l e  may be l ibera ted  t o  the atmosphere v i a  

i n d u s t r i a l  processes or by the burning of p o l y a c r y l o n i t r i l e  fiber (Monsanto, 

1973). Data could not  be found i n  the a v a i l a b l e  l i t e r a t u r e  regarding the 

concent ra t ions  of a c r y l o n i t r i l e  i n  ambient air. 

111. PHARMACOKINETICS 

A. Absorption 

When o r a l l y  administered t o  rats, e s s e n t i a l l y  a l l  of the acryloni-  

t r i l e  is absorbed (Young, et al. 1977). 

8. Dis t r ibu t ion  

I n  rabbi t s ,  after adminis t ra t ion  o f  a 30 mg/kg dose, a c r y l o n i t r i l e  

rapidly disappeared from t h e  blood; only 1 mg/kg remained af ter  4 hours 

(Hashimoto and Kanai, 1965). In  rats the  metabol i tes  of a c r y l o n i t r i l e  d i s -  

t r i b u t e d  t o  t h e  stomach wall, e ry throcytes ,  sk in ,  and liver (Young, et  a l .  

1977). 

C. Metabolism 

Earlier r epor t s  (Giacosa, 1883; Meurice, 1900) ind ica ted  t h a t  most 

aliphatic n i t r i l e s  are metabolized t o  cyanide which is then de toxi f ied  to 

thiocyanate.  A more recent  report concluded t h a t  a c r y l o n i t r i l e  e x e r t s  its 

t o x i c i t y  by the metabolic release of cyanide ion ,  and that the relative abi- 

l i t y  of var ious species t o  convert  CN' t o  fcN' determined their  suscep- 

t i b i l i t y  t o  t he  t o x i c  ac t ion  of a c r y l o n i t r i l e  (Brieger, e t  a l .  1952). Oth'er 

facts, however, suggest t h a t  a c r y l o n i t r i l e  t o x i c i t y  is due i n  part t o  the  

4 
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a c r y l o n i t r i l e  molecule i t s e l f  or o t h e r  (unknown metabol i te(  s) rather than 

j u s t  t o  the  cyanide func t iona l  group (U.S. EPA, 1979). I n  a comprehensive 

tracer study w i t h  rats Young, e t  a l .  (1977) found three uncharacter ized 

metabol i tes  as well as C02 after a c r y l o n i t r i l e  adminis t ra t ion.  Also, cya- 

noethylated mercapturic acid conjugates  have been detected af ter  administra- 

t i o n  of  a c r y l o n i t r i l e  (U.S. EPA, 1979). 

0. Excretion 

4 

Urinary exc re t ion  of thiocyanate  af ter  a c r y l o n i t r i l e  admin i s t r a t ion  

ranges from 4-33 percent  of t he  administered dose .depending on the  s p e c i e s  

(U.S. EPA, 1979). Urinary exc re t ion  a l s o  depends on rou te  of admin i s t r a t ion  

(Gut, et al .  1975). 

I V .  EFFECTS 

A. Carcinogenicity 

I n  two s t u d i e s  rats received a c r y l o n i t r i l e  i n  t h e  d r ink ing  water a t  

concen t r a t ions  of 0, 35, 100 and 300 mg/l, which is equ iva len t  t o  d a i l y  dos- 

ages  o f  approximately 4, 10, 30 mg/kg body weight r e spec t ive ly ,  excess mam- 

mary tumors and tumors o f  t h e  ear c a n a l  and nervous system were noted (Nor- 

ris, 1977; Quast ,  e t  a l .  1977). Both t h e  in t e rmed ia t e  and t h e  h ighes t  doses  

produced increased tumor incidences.  I n  rats administered a c r y l o n i t r i l e  i n  

o l i v e  o i l  by stomach tube  a t  5 mg/kg body weight 3 times per week f o r  52 

weeks, a s l i g h t  enhancement of t h e  incidence o f  mammary tumors, forestomach 

papillomas and acanthomas, s k i n  carcinomas, and encephal ic  tumors has been 

repprted (Maltoni, et a l .  1977). Also, exposure of  rats by i n h a l a t i o n  (40, 

20, 10, and 5 ppm f o r  4 hours d a i l y ,  5 times/week) f o r  52 weeks caused in-  

creases i n  tumor incidence (Maltoni, et a l .  1977). It  should be pointed e .  o u t  

t h a t  poss ib l e  impur i t i e s  found i n  t h e  a c r y l o n i t r i l e  used by var ious i n v e s t i -  

g a t o r s  might determine t h e  carcinogenic  effect. The specific r o l e  of  these 

impur i t i e s  has not yet been determined (U.S. €PA, 1979). 

# 
, e  
7-3’ 

O O S 0 6 8  



Retrospect ive s t u d i e s  on workers i n  a t e x t i l e  fiber p l an t  (0 '8erg ,  

19TI) and on workers i n  t h e  polymerization recovery and laboratory areas cf 
P 

a 8.F. Goodrich p lan t  (Monson, 1977) have shown higher  than expected i n c i -  

dences o f  cancers  of all sites i n  workers exposed t o  a c r y l o n i t r i l e .  TPo 
- - .  

g r e a t e s t  increase  was noted with lung cancer. It should be' noted that  thesE 

woeers were exposed t o  o the r  chemicals i n  their working environment. 

8. Mutagenicity 

Acry lon i t r i l e  is a weak mutagen i n  Orosoohila melanooaster (8enes 

and Sram, 1969); although t o x i c i t y  limited t h i s  testing. Milvy and Wolff 

(1977) reported mutagenic a c t i v i t y  f o r  a c r y l o n i t r i l e  i n  Salmonella tyohimur- 

- im with a mammalian l i ve r - ac t iva t ing  system. In  Escherichia mutagenic 

a c t i v i t y  was observed without an a c t i v a t i n g  system (Veni t t ,  e t  al .  1977). 

. C. Teratogenici ty  

S tudies  i n  pregnant rats demonstrated that  a c r y l o n i t r i l e  adminis- 

tered by gavage a t  65 mg/kg/day caused fetal  malformations (Murray, e t  a l .  

1976). These malformations included acaudea, s h o r t - t a i l ,  s h o r t  t runk,  miss- 

ing  vertebrae, and right-sided aortic arch. I n  a subsequent study, Murray, 

e t  al. (1978) concluded that i n  pregnant rats exposed t o  0, 40, o r  80 ppm of  

a c r y l o n i t r i l e  by inha la t ion ,  t e r a togen ic  'effects i n  t h e  of fspr ing  were seen 

a t  80 ppm but  not 40 ppm. S ign i f i can t  maternal t o x i c i t y  was found a t  botn 

80 and 40 ppm, as well as i n  the previous study a t  65 rng/kg/day. 

0. Other Reproductive Effec ts  

Pregnant rats receiving 500 ppm a c r y l o n i t r i l e  i n  their dr inking 

water showed reduced pup su rv iva l ,  possibly due t o  a maternal t o x i c i t y  

(8eliles and Mueller, 1977). 

- 
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E. Chronic Toxici ty  

Knoblock, e t  a l .  (1972) observed a perceptible change-in peripheral 

blood p a t t e r n ,  func t iona l  d i s o r d e r s  i n  t h e  r e s p i r a t o r y  and ca rd iovascu la r  

systems, and t h e  excretory system, as well as s i g n s  of  neuronal l e s i o n s  i n  

t h e  c e n t r a l  nervous system o f  rats and rabbi t s  b rea th ing  a c r y l o n i t r i l e  (50 

mg/m3 a i r )  f o r  6 months. aabanov, e t  a l .  (1972) reported that i n h a l a t i o n  ' 

3 of a c r y l o n i t r i l e  vapor (0.495 mg/m , 5 hours/day, 6 days/week) f o r  6 

months resulted i n  c e n t r a l  nervous system d i s o r d e r s ,  i nc reased  e ry th rocy te  

count,  and decreased leukocyte count i n  rats. Workers exposed f o r  long per- 

iods  of time t o  a c r y l o n i t r i l e  have s u b j e c t i v e  complaints i nc lud ing  headache, 

f a t i g u e ,  nausea and weakness, as well as c l i n i c a l  symptoms of anemia, jaun- 

4 

dice, c o n j u n c t i v i t i s  and abnormal va lues  of specific , g r a v i t y  of whole blood, 

blood serum and c h o l i n e s t e r a s e  values ,  urobi l inogen,  b i l i r u b i n ,  u r ina ry  pro- 

t e i n  and sugar  (Sakarai and Kusimoto, 1972). I n  another  s tudy ,  f u n c t i o n a l  

d i s o r d e r s  of the c e n t r a l  nervous system, ca rd iovascu la r  and hemopoietic sys- 

tems were noted (Shustov and Mavrina, 1975). Sakarai and Kasumoto (1972) 

concluded t h a t  a c r y l o n i t r i l e  exposures a t  l e v e l s  of 5-20 ppm caused mild 

l i v e r  i n j u r y  and probably a cumulative gene ra l  t o x i c  effect. 

F. Other Relevant Information 

HCN and Cfl were .found t o  enhance . a c r y l o n i t r i l e  t o x i c i t y  i n  experi- 

mental animals (Yamamoto, 1976) as well as i n  workers engaged i n  ac ry lon i -  

t r i l e  production (Ostrovskaya, e t  a l .  1976). 

V. Aquatic Toxici ty  

A. Acute Toxici ty  

The 96-hour LC50 values o f  fathead minnows (Pimeohales promelas) 

were 10,100 and 18,100 pg / l  f o r  flow-through and s t a t i c  tZsts, respectively, 

and 14,300 and 18,100 pg/l f o r  hard (380 mg/l)  and s o f t  ( 2 9  mg/l) waters ,  

6 
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a respec t ive ly  (Henderson, e t  a l .  1961). 

-- n ia  mama is 7,550 pg/l (U.S. €?A, 1978). 

A reported @-hour LC50 fo r  m- 
The s a l t w a t e r - p i n f i s h  (Lacodon 

. rhomboides) has an observed .. 96-hour LC50 value of 2i,500 ug/ l  i n  a s ta t ic  

concentrat ion unmeasured test (Daugherty and Garrett, 1951). 

8. Chronic Toxicity 

Daohnia mama has been exposed f o r  its l i f e  cycle and the r e s u l t s  

i nd ica t e  no adverse effects a t  concentrat ions as high as 3,600 Ag/l (U.S. 

P A ,  1978). Henderson, e t  al. (1961) observed a 30-day LC50 value of 

2,600 pg/ l  with Pimeohales pmelas  (fathead minnows). 

are ava i l ab le  f o r  saltwater species. 

No chronic test data * 

C. P l an t  Effects - 

Per t inen t  data could not be loca ted  i n  the ava i l ab le  l i t e r a t u r e  on 

the s e n s i t i v i t y  o f  plants t o  a c r y l o n i t r i l e .  

a 0. Residues 

In  the  only reported s tudy,  the b l u e g i l l  (Lepomis macmchirus) was 

exposed f o r  28 days and the determined whole body b iocmcent ra t ion  f s c t o r  

was 48, with a half-l ife between 4-7 days ( U S .  EPA, 1978). 

V I .  MISTING GUIDELINES AND STANOARDS 

Neither the human hea l th  nor t h e  aquatic criteria derived by U.S. EPA 

(19791, which are summarized below, have gone thmugh the  process o f  public  

review; therefore ,  there is a p o s s i b i l i t y  that these zriteria w i l l  be 

changed. 

A. Human 

The American Conference of G o v e m e n t a l  Indusxr ia l  Hygienists 

threshold l i m i t  value (TLV) (ACGIH, 1974) f o r  a c r y l o n i t r i l z  is 20 ppm. In  

January, 1978, t h e  Occupational Safety and Health Administration (OSHA) an- 

nounced an emergency temporary standard f o r  a c r y l o n i t r i l e  cf  2 ppm averaged 

0 



over an eight-hour period. Based on r a t  data (Norris,  1977; Quast, e t  a l .  

1977; Maltoni, e t  a l .  19771, and using t h e  "one-hit" model,- the U.S. E?A 

(1979) has estimated levels of acrylonitri le i n  ambient water which w i l l  re- 

s u l t  i n  specified r i s k  levels of human cancer: 

Exoosure Assumotions 
(per day 1 

R i s k  Levels and CorresDondinq Oraft- Criteria 

10-6 - 10-5 - 0 - 10-7 - 
0.008 x 0.08 x 0.8 x 2 l i t e r s  of d r i n k i n g  water 

and consumption of 18.7 10-4 ng/l 10-4 ng/l 10-4 ng/l  
grams of f i s h  and shellfish. 

Consumption of f i s h  and 
shellfish only.  10-4 ng/l 10-4 ng / l  10-4 ng/l 

0.016 x 0.16 x 1.6 x 

8. Aquatic 

For acrylonitri le,  the draft  cr i ter ion to  protect freshwater aquat- 

ic  l i f e  is 130 ug/ l  as a 24-hour average, and t h e  concentration should no t  

exceerj 300 Dg/l a t  any time. To protect saltwater species, the draf t  cr i -  

ter ion is  130 pg/l as  a 24-hour average, wi th  the concentration no t  t o  exceed 

290 ug/1 a t  any time (U.S. €PA, 1979). 
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DISCLAIMER 

, . . . .  

T h i s  r e p o r t  r e p r e s e n t s  a su rvey  of t h e  p o t e n t i a l  h e a l t h  
and envi ronmenta l  h a z a r d s  from exposure t o  t h e  subjec t  chemi- 
cal. The in fo rma t ion  c o n t a i n e d  i n  t h e  r e p o r t  is drawn c h i e f l y  
from secondary  s o u r c e s  and a v a i l a b l e  reference documents . 
Because of t h e  l i m i t a t i o n s  of such sources, t h i s  short p r o f i l e  
may n o t  r e f l e c t  all available in fo rma t ion  i n c l u d i n g  a l l  t he  
adve r se  h e a l t h  and envi ronmenta l  impacts  presented by the 
s u b j e c t  chemical. T h i s  document has undergone s c r u t i n y  t o  
e n s u r e  its t e c h n i c a l  accuracy .  

. . .  
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SPECIAL NOTATION 

9 

U.S. E P A ' s  Carcinogen Assessment Group (CAG) has e v a l u a t e d  

a l d r i n  and has  found s u f f i c i e n t  e v i d e n c e  to i n d i c a t e  t h a t  

' t h i s  compound is c a r c i n o g e n i c .  

000078 
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ALDRIN . - 
Sumnary 

Aldrin is  a man-made compound belonging t o  t h e  group of cyclodiene in- 

secticides. The chronic t o x i c i t y  of  low doses of a l d r i n  include shortened 

l i f e span ,  l i v e r  changes, and te ra togenic  effects. The induction of hepato- 

c e l l u l a r  carcinoma in both male and female mice from the adminis t ra t ion of 

a l d r i n  leads t o  t he  conclusion that it is l i k e l y  t o  be a human carcinogen. 

. Aldrin has not  been found mutagenic i n  seve ra l  e s t  systems although it d i d  

induce unscheduled DNA synthes is  i n  hum fibroblasts. ’ The World Health 

Organization acceptable dafly intake l e v e l  f o r  a l d r i n  is 0.1 yg/kg/day. 

Aldrin is rapidly converted t o  d i e l d r i n  by a number of f r e s h  and salt- 

The  water sdecies. The o v e r a l l  t o x i c i t y  of  a l d r i n  is similar t o  d ie ldr in .  

9 6 4 0 ~  LC50 values for  freshwater f i sh  vary fmm 2.2 t o  37 pg/1 w i t h  

ve r t eb ra t e s  being one order  of magnitude less sens i t ive .  Both marine f 

and p l a n t s  were susceptible t o  l e v e l s  o f  a l d r i n  corresponding t o  those of 

freshwater f i sh .  
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ALDRIN 

I. INTROOUCTION 

This  p r o f i l e  is based on t h e  Ambient Water Quality Criteria Oocument 

f o r  Aldrin and Die ld r in  (UiS. EPA, 1979a). 

Aldrin is a white c r y s t a l l i n e  substance with a melt ing po in t  of 

104OC. It  is so lub le  i n  o rgan ic  so lven t s .  The chemical name f o r  a l d r i n  

is 1,2,3,4,10,10-hexachloro-1,4,4a,5,8,8a-hexahydro-l,4,:5,8-exo-dimethano- 

naphthalene. Aldrin is b i o l o g i c a l l y  altered i n  the environment t o  d i e l d r i n ,  

a more stable and equal ly  t o x i c  form. For information concerning d i e l d r i n  
. - I  

refer t o  the d i e l d r i n  hazard p r o f i l e  o r  the draf t  Ambient Water Q u a l i t y  Cri- 

ter ia  Document f o r  Aldrin and Die ld r in  (U.S. EPA, 1979a,b). 

Aldrin was primarily used as a broad spectrum i n s e c t i c i d e  u n t i l  1974 

when the U S .  €PA restricted its use t o  termite c o n t r o l  by direct s o i l  in-  

j e c t i o n ,  and non-food seed and p l a n t  t reatment  (U.S. €PA, 1979a). From 1966 

t o  1970 t h e  use o f  a l d r i n  i n  t h e  United States dropped from 9.5 x lo3 t o  

5.25 x 10 tons  (U.S. €PA, 1979a). T h i s  decrease i n  use has been a t t r i -  3 

buted primarily t o  increased i n s e c t  r e s i s t a n c e  t o  a l d r i n  and t o  development 

cf s u b s t i t u t e  materials. Although t h e  production of a l d r i n  i n  t h e  United 

States is restricted, formulated products  con ta in ing  a l d r i n  are imported 

fzom Europe (U.S. €PA, 1979a). 

11. EXWSURE 

A. Water 

Aldrin has been applied t o  vast areas of a g r i c u l t u r a l  land,  and 

aqua t i c  areas i n  the  United States and i n  most parts of t h e  world. As a 

r e s u l t ,  t h i s  pesticide is found i n  most fresh and marine waters (U.S. €PA, 

1979a). Levels of a l d r i n ,  ranging from 15 t o  18 ng / l  o r  as high as 407 ng/ l  

8-5 000080 



have been found in waters o f  the United States (U.S. @A, 1976; Leichten- 

berg, e t  al .  1970). The half-life o f  a l d r i n  i n  water one meter i n  depth has 

been estimated t o  be 10.1 days (MacKay and Wolkoff, 1973). 

B. Food 

The estimated d a i l y  d i e t a ry  in take  of aldrin i n  16 t o  19 year old 

males w a s  estimated to  be 0.001 mg i n  1965 and only a trace amount i n  1970 . 

(Natl. Acad. Sci., 1975). 

No d i r e c t  measured bioconcentration fac tor  for  a l d r i n  can be ob- 
4 

ta ined because it is rapidly converted t o  d i e ld r in  by aquatic organisms 

( U S .  €PA, 197%). The U.S. €PA (197%) has estimated the weighted average 

bioconcentration factor  of a ld r in  a t  32. This estimate is based on the  

octanol/water p a r t i t i o n  coef f ic ien t  fo r  a ldr in .  

C. Inhalation 

Aldrin enters the  a i r  through various mechanisms such a s  spraying, 

wind act ion,  water evaporation, and adhesion t o  particles ( U S .  P A ,  1979a). 

Ambient a i r  levels of 8 ng/m3 of a ld r in  have been reported (Stanley, e t  

al. 1971). 

0. Dermal 

Dermal exposure t o  a ld r in  is limited t o  workers employed during 

its manufacture and use a s  a pesticide. Wolfe, et  a l .  (1972) reported tha t  

exposure in workers is mainly thmugh dermal absorption ra ther  than inhala- 

t ion.  The ban on the manufacture o f  a ld r in  i n  t h e  United States has greatly 

reduced the risk of exposure. 

111. PHARMACOKINETICS 

A. Absorption 

Pert inent  data could not be located i n  the  avai lable  literature 

concerning t h e  absorption of a ld r in  ( U S .  P A ,  1979a). 
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a 8. Dis t r ibu t ion  

0 0 7 2 9 0  

The d i s t r i b u t i o n  of  a l d r i n  i n  humans o r  animals has not  been ex- 

tens ive ly  s tud ied  because a l d r i n  is readily converted t o  d i e l d r i n  & y& 

via  epoxidation (U.S. €PA, 1979a). For example, the blood plasma l e v e l s  of 

a l d r i n  were lower than the corresponding blood plasma levels of d i e l d r i n  i n  

s i x  workers just a f t e r  chronic  exposure t o  a l d r i n  f o r  f i v e  weeks (Mick, e t  

a l .  1971). 

C. Metabolism 

- ,  The epoxidation of  a l d r i n  t o  d ie ldr in . .has  been reported i n  many 

organisms including man (U.S. €PA, 1979a). The reac t ion  is NADPH-dependent 

and t h e  enzymes are hea t - lab i le  (Wong and Terriere, 1965). The metabolic 

products of a l d r i n  include d i e l d r i n ,  as well a s  a l d r i n  d i o l ,  and p o l a r  meta- 

b o l i t e s  excreted i n  the u r i n e  and feces ( U S .  EPA, 1979a). 

D. Excretion e’ 

Aldrin is excreted mainly i n  t h e  feces and t o  some e x t e n t  i n  t h e  

u r i n e  i n  the form of s e v e r a l  polar metabol i tes  (U.S. EPA, 1979a). Ludwig, 

e t  a l .  (1964) reported nine times a s  much r a d i o a c t i v i t y  i n  t h e  feces as i n  

t h e  ur ine  of rats chronical ly  administered 14C-aldrin. A s a t u r a t i o n  l e v e l  

was reached i n  these animals and concent ra t ions  of  r a d i o a c t i v i t y  i n  t h e  body 

decreased r a p i d l y  when feeding was terminated. 

Specific values f o r  t h e  ha l f - l i f e  of a l d r i n  i n  humans were not  

found i n  the available l i t e r a t u r e .  However, i n  humans exposed t o  a l d r i n  

and/or d i e l d r i n  t h e  half-life of d i e l d r i n  i n  the blood was estimated t o  be 

266 days ( Jager ,  1970). In  another  study with 12 volunteers  inges t ing  var i -  

ous doses of d i e l d r i n ,  Hunter, et a l .  (1969) est imated t h e  average d i e l d r i n  

half-l ife t o  be 369 days. 

4 
- .  008882 
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I V .  m C T s  
, .  

A. Carcinogenicity 

Aldrin has induced l i v e r  tumors i n  males and females i n  var ious 

strains of  mice according t o  reports of four  separate feeding s t u d i e s  (Davis 

and Fitzhugh, 1962; Davis, 1965; 43 FR 2450; Song and Harvi l le ,  1964). Fc- 

cording t o  r epor t s  of f i v e  s t u d i e s  i n  two d i f f e r e n t  strains o f  rats, a l d r i n  

f a i l ed  t o  induce a statistically s i g n i f i c a n t  carcinogenic  response a t  d1 ' 

but  one si te  (Deichnann, e t  al. 1967, 1970; Fitzhugh, e t  a l .  1964; Cleve- 
,. 

land, 1966; 43 FR 2450). \ 

The only information concerning the carcinogenic  p o t e n t i a l  of  

a l d r i n  i n  man -is an occupational study by Versteeg and Jager  (1973). The 

workers had been employed in a p l a n t  pmducing a l d r i n  and d i e l d r i n  with a 

mean exposure time of 6.6 years. An average time of 7.4 years had elapseu 

since the  end of exposure. NO permanent adverse effects including cancer 

were observed. 

8. Mutagenicity 

Aldrin was found not  t o  be mutagenic i n  two bacterial assays (& 

tvphimurium and E. a) with metabolic a c t i v a t i o n  (Shirasu,  e t  al. 19TI). 

Aldrin d id ,  however, produce unscheduled DNA synthes is  i n  human f i b r o b l a s t s  

with and without metabolic a c t i v a t i o n  (Ahmed, e t  al. 1977). 

C. Teratogenici ty  

Aldrin administered i n  s i n g l e  o r a l  doses t o  pregnant hamsters 

caused s i g n i f i c a n t .  increases in hamster fe ta l  death and increased fetal ano- 

malies (Le. ,  open eye, webbed foo t ,  cleft  palate, and o the r s ) .  When a sim- 

i l a r  study was done i n  mice a t  lower doses, t e ra togenic  effects were a l s o  

observed, although these effects were less pronounced (Ottolenghi,  e t  a l .  

1974). 
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0. Other Reproductive Effects 

Deichnann (1972) reported t h a t  a l d r i n  and d i e l d r i n  (25 mg/kg d i e t )  

fed t o  mice f o r  six generat ions a f fec ted  f e r t i l i t y ,  g e s t a t i o n ,  v i a b i l i t y ,  

l a c t a t i o n  and surv iva l  of t h e  young. 

E. Chronic Toxicity 

The o ther  effects produced by chronic  adminis t ra t ion  of a l d r i n  t o  

mice, r a t s ,  and dogs include shortened l i f e s p a n ,  increased l i v e r  t o  body 

weight r a t i o s ,  var ious changes i n  l iver h is to logy ,  and t h e  induct ion of 

hepa t ic  enzymes (U.S. P A ,  1979a). \ 

F. Other Relevant Information 

Since a l d r i n  and d i e l d r i n  are metabolized by way of mixed funct ion 

oxidase (MFO), any inducer or i n h i b i t o r  of t h e  WO enzymes should a f f e c t  the 

metabolism of a l d r i n  and d i e l d r i n  (U.S. €PA, 1979a). 

When a l d r i n  is administered with DOT, o r  a f t e r  a p la teau  has been 

reached i n  dogs wi th  chronic CDT feeding, t h e  r e t e n t i o n  of OOT by t h e  blood 

and f a t  increases  considerably (Deichnann, e t  a l .  1969). Clark and Krieger 

(1976) found t h a t  t i s s u e  accumulation of 14C-aldrin was s i g n i f i c a n t l y  in- 

creased when an i n h i b i t o r  of t h e  epoxidation of a l d r i n  t o  d i e l d r i n  was admi- 

n i s t e r e d  p r i o r  t o  “C-aldrin. 

V. AQUATIC TOXICITY 

A. Acute Toxicity 

Aldrin is rap id ly  converted t o  d i e l d r i n  i n  t h e  environment. How- 

e v e r , / a  number of acute  s t u d i e s  haved been done wi th  a l d r i n ,  although t h e  

test concentrat ions have not been measured a f t e r  t h e  bioassays.  Reported 

96-hour s t a t i c  LCs0 values a r e  a s  follows: b l u e g i l l  (Leuomis macrochirus) 

1.6 t o  15 Ag/1 (Henderson, e t  a l .  1959; Macek, e t  a l .  1969); rainbow . t rou t  

(Salmo - q a i r d n e r i )  2.2 t o  17.7 pg/1 (Macek, e t  a l .  1969; Katz, 1961); and 

. I .  
. .  

. .  . .. . . . I I .  ., , ’> . + .. , * .  - .  
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fathead minnows (Pimeohales promelas) 32 and 37 p g / l  (Henderson, 

1959). Acute t o x i c i t y  varies gsza t ly  in freshwater inver tebra tes .  In bio- 

assays i n  which the aldrin csncept ra t ions  were not  measured, the observed 

W o u r  LC50 va lue  f o r  Daonnia Pulex was 28 p g / l  (Sanders and Cope, 19661, 

and the observed 96-hour LSg0 values ranged fmm 0,300 t o  3e,5GO p g / l  f o r  

scud, Gammarus spp. (Sanders, 1969, 1972;..Gaufln, e t  al. 1965). 

I n  flow-through exposures t o  a l d r i n ,  the 48 and 96-hour LC50 

Inverte- values for s i x  saltwater f i s h  species ranged from 2.0 t o  7.2 pg/l .  

brate LC50 values  ranged from 0.37 t o  33.0)1g/l (US. P A ,  197%). 

8. Chmnic Toxici ty  

No e n t i r e  cycle or embryo-larval tests have been reported f o r  any 

' f resh  or saltwater species (U.S. €PA,  1979a). 

c. P lan t  Effects 

An a l d r i n  concentrat ion o f  10,000 pg/1 ,reduced t h e  population 

growth i n  12 days f o r  water meal, Wolffia paoul i fe ra  (Worthley and *chott,@ 

197l). 

after four  hour exposure t o  1,000 pg/1 a l d r i n  (Bu t l e r ,  1963). 

The product iv i ty  o f  a ghytoplankton community was reduced 85 percent 

D. Residues 

No freshwater or saltwater res idue  s t u d i e s  have been reported f o r  

a l d r i n  (U.S. €PA, 1979a). 

V I .  MISTING GUIDELINES AND STANDARDS 

Neither the human heal th  nor the  aqua t i c  criteria derived by U.S. €PA 

(1979a1, which are sumnarized below, have gone through t h e  process of publ ic  

review; therefore ,  there is a p o s s i b i l i t y  t h a t  these cr i ter ia  w i l l  be 

changed. 



A. Human 

The current exposure l e v e l  for a l d z i n  set by t h e  Occupational 
3 

I n  1969, t h e  U.S. Public  Health Serv ice  

Safety and Health Administration is  a time-weighted average of 250 pg/m 

f o r  s k i n  absorpt ion (37 FR 22139); 
\ 

Advisory Committee recommended t h a t  t h e  dr inking water s tandard f o r  a l d r i n  

be 17 Pg/1 (Mrak, 1969). The U.N. Food and AgZiCUltUral Organization/World 

Health Organization acceptable  d a i l y  i n t a k e  f o r  a l d r i n  is 0.1 pg/kg/day 

(Mrak, 1969). -. 
The carcinogenici ty  d a t a  of t h e  National Cancer Inst i tute  (1976) 

( 4 3  FR 2450) were used t o  calculate t h e  d r a f t  water q u a l i t y  criterion f o r  

a l d r i n  which keeps 'the l i f e t i m e  cancer r i s k  for humans below 10- . The 

concentration f o r  a l d r i n  is 4.6 x 10" ng/l  (U.S. €PA, 1979a). 

5 

8. Aquatic 

Oraft criterion has not  been proposed d i r e c t l y  f o r  a l d r i n  because 

of its rapid conversion t o  d i e l d r i n  (U.S. EPA, 1979a). 
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DISCLAIMER 

?his  report r e p r e s e n t s  a su rvey  o f  t h e  p o t e n t i a l  h e a l t h  
and envi ronmenta l  haza rds  from exgosure t o  t h e  s u b j e c t  chemi- 
cal. The i n fo rma t ion  c o n t a i n e d  i'n t h e  r e p o r t  is drawn c h i e f l y  
from secondary  s o u r c e s  and a v a i l a b l e  r e f e r e n c e  documents. 
Because of t h e  l i m i t a t i o n s  of such sources, t h i s  sho r t  p r o f i l e  
may n o t  ref lect  a l l  available in fo rma t ion  i n c l u d i n g  a l l  t h e  
adverse heal th  and envi ronmenta l  imgacts  p r e s e n t e d  by the  
s u b j e c t  chemical. T h i s  document has undergone s c r u t i n y  to  
e n s u r e  its t e c h n i c a l  accuracy .  

a 
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ALLYL ALCOHOL 

Summary 

A l l y l  alcohol is a severe i r r i tan t  t o  the mucous membranes a t  h igh  con- 

centrations. Hepatotoxicity has been seen after oral and . inhalation 
exposures, however, results indicate that t h i s  effect may not be 

-cumulative, A l l y l  alcohol is also absorbed percutaneously. 

Information on the carcinogenic, mutagenic, teratogenic or other repro- 
-l 

ductive effects of’allyl alcohol was not found i n  the available l i terature.  

Data concerning the effects of a l ly l  alcohol t o  aquatic organisms were 

not  found i n  the available literature. 

. ,  

t 
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I. INTROOUCTIW 

This p r o f i l e  is based on computerized searches oP- Toxline, Biosis  

and Chemical Abstracts, and a review of other  ava i lab le  appropriate 

information sources as  avai lable .  

A l l y l  alcohol (molecular weight-58.08) is a limpid l i q u i d  w i t h  

It is soluble  i n  water, alcohol and ether, has a melting pungent odor. 

Point Of - a 0 C  and a boi l ing poin t  of 96-97% (Sax, 1979). 

The major uses of  a l l y l  alcohol are i n  the manufacture of a l l y l  

compounds, w a r  gas, r e s ins ,  and p l a s t i c i z e r s  (Windholr, 1976). Sixty k t .  

are used i n  this country per yea r ,  o f  which 50 kt. are used t o  manufacture 

glycerol  (Kirk and Othmer, 1963). 

.. After severa l  years of storage,  a l lyl  a lcohol  polymerizes i n t o  a 

When t rea ted  w i t h  substance that is so luble  ln chloroform but  not water. 

ether t h i s  substance becomes br i t t l e  (Windholr, 1976) 

11. EXPOSURE 

Pert inent  data were not found i n  the avai lab le  l i t e r a t u r e  on a i r  

o r  water exposure. 

Esters o f  a l l y l  a lcohol  are used as food f lavorings.  Natural de- 

r i va t ives  of a l l y l  alcohol are widely d i s t r ibu ted  i n  vegetable mater ia l  

(Lake, e t  a l .  1978). 

111. PHARMACOKINEnCS 

A. Absorption and Dis t r ibu t ion  

Per t inent  data were not  found i n  the ava i lab le  l i t e r i t u r e .  

8. Metabolism 

It has been suggested that a l l y l  alcohol is completely metabolized 

and that acro le in  might be an intermediate metabolite (Browning, 1965) %e 

s t a n t  intravenous infusion (Carpanini, e t  a l .  1978). 

000093 
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C. Excretion 
A l l y l  a l coho l  was not  found i n  t he  u r i n e  o f  animals tpat had been 

dosed subcutaneously o r  intravenously with the  compound (Browning, 1965). 

Other pertinent.  d a t a  were n o t  found i n  t h e  a v a i l a b l e  l i t e r a t u r e .  

I V .  EFFECTS 

A. Carcinogenici ty ,  Mutagenicity,  Te ra togen ic i ty ,  and Reproductive 
Effects 
Information on the ca rc inogen ic  effects .of a l l y l  a l c o h o l  w- as n o t  

found i n  the a v a i l a b l e  l i t e r a t u r e .  
- ,  

8. Chronic Toxici ty  

Lake, et a l .  (1978) adminis tered a l l y l  a l c o h o l  t o  . ra ts  by g a s t r i c  

Liver homo- in tuba t ion .  The rats were dosed * d a i l y  ' f o r  1, 10, o r  28 days. 

genates  from t r e a t e d  animals were analyzed for enzyme a c t i v i t y .  Adminis- 

t r a t i o n  f o r  one day produced marked p e r i p o r t a l  n e c r o s i s ,  b u t  r epea ted  ad- 

m i n i s t r a t i o n  f o r  10 or 28 days d i d  n o t  seem t o  i n c r e a s e  t h e  damage. 

A l l y l  a l coho l  admin i s t r a t ion  i n  t h e  d r ink ing  water a t  a dose o f  72 

mg/kg/day caused weight l o s s ,  t r a n s i e n t  pulmonary rales, c r u s t i n e s s  of t h e  

e y e l i d s ,  and l o c a l  areas o f  l i v e r  n e c r o s i s  (Browning, 1965). 

Rats exposed t o  40, 60, or 100 ppm o f  a l l y l  a l c o h o l  by i n h a l a t i o n  

showed s i g n s  o f  a c u t e  mucous membrane i r r i t a t i o n ,  such as gasping and n a s a l  

discharge.  A t  t h e  100 ppm dose,  t he  animals d ied  after 10 exposures 

(Browning, 1965). No g r o s s  t o x i c i t y  was seen a t  5 or 10 ppm, 5 days a week 

for 13 months i n  ra ts ,  r abb i t s ,  guinea p i g s ,  and dogs. However, mild 

r e v e r s i b l e  degenerat ive changes i n  the  l i v e r  a n d - k i d n e y  were seen a t  t h e  

seven ppm dose. A dose o f  50 ppm was le thal  t o  rats af ter  30 days 

(Torkelson, e t  a l .  1959). 
D '  



Carpanini, e t  a l .  '(1978) gave rats doses of  a l l y l  alcohol 50, 100, a 
200, or 800 ppm i m  the  drinking water f o r  15 weeks. Weight loss was seen i n  

males given 100, 200, or  800 ppm and females given 800 ppm. Food 

consumption va lues  were lower than the cont ro ls  in males a t  200 ppm and 800 

ppm and females a t  800 ppm. A dose-related decrease in water consumption 

was seen i n  a l l  treated animals. Minor changes were Seen i n  the liver, 

kidneys, and lungs o f  both treated and cont ro l  groups upon h i s to log ica l  

examination. 

C. Acute Toxicity \ 

Oral U~O'S  o f  a l l y l  alcohol have been found t o  be 

64-100 mghg fo r  rats, 96439 mg/kg f o r  mice, and 52-71 mg/kg f o r  rabbits;  

43 mg/kg was lethal t o  dogs. In t raper i tonea l  LD50's were 42 mg/kg f o r  

rats and 60 mg/kg f o r  mice. In r abb i t s  an LO50 of 53-89 mg/kg was found 

by percutan- eous absorption (Carpanini, e t  al. Inhalation of 1000 

ppm was le thal  t o  r a b b i t s  and monkeys after 3 t o  4 hours. Erythema of t h e  

1978). 

conjunctiva and swelling of the cornea are seen i n  t h e  eye a f t e r  exposure t o  

a l l y l  alcohol,  however, no permanent damage was noted. AFalication t o  t h e  

sk in  caused only mild erythema. Intravenous in jec t ion  prcduced a drop i n  

blood pressure. In jec t ion  o f  40 minims i n  a 20 percent s a l i n e  so lu t ion  

caused f luc tua t ions  in the blood pressure,  o f  r abb i t s  resu l t ing  i n  v io len t  

convulsions. Vomiting, diarrhea, convulsions, apathy, a tax ia ,  lacrimation 

and coma a r e  seen after o r a l  administration. Few cases o f  ser ious  in jury  

due t o  inha la t ion  have been reported,  however, because concentrations t h a t  

would cause severe damage i n  a s h o r t  period o f  time are painful  t o  the  eyes 

and nose. Five ppm a r e  detectable by i r r i t a t i o n  and 2 ppm by odor 

(Browning, 1965) . 
Moderate a i r  contamination has been found t o  cause lacrimation, 

pain around the  eyes and blurred vis ion i n  man l a s t i n g  uo t o  48 hours 

(Carpanini, e t  a l .  1978). . 1 ... . .  
I -  
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0. Other Relevant Information 

Allyl a lcoho l  has an unusual effect on t h e  c e n t r a l  netvous system 

o f  mice and rats. The effect is seen as apathy,  unwil l ingness  t o  move, 

a n x i e t y ,  and no i n t e r e s t  i n  escaping. It is apparent ly  d i f f e r e n t  from nar- 

c o s i s  seen w i t h  o t h e r  agents  (Dunlap, .e t  al .  1958). 

V. AWATIC TOXICITY 

P e r t i n e n t  data were not found i-n t h e  a v a i l a b l e  l i t e r a t u r e .  

V I .  EXISTING GUIDELINES -. 
The recommended maximum atmospheric concen t r a t ioh  (8 hours)  is 2 

ppm (Indust .  Hyg. ASSOC., 1963). 

. .  
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DISCLAIMER 

This report r e p r e s e n t s  a su rvey  of the p o t e n t i a l  hea l th  
and envi ronmenta l  hazards from exposure t o  t h e  subject chemi- 
cal. The i n f o m a t i o n  con ta ined  i n  t h e  r e p o r t  is drawn c h i e f l y  
from secondary  s o u r c e s  and available r e f e r e n c e  documents. 
Because of the l i m i t a t i o n s  of such  sources, t h i s  short p r o f i l e  
may n o t  reflect  a l l  a v a i l a b l e  in fo rma t ion  i n c l u d i n g  all t h e  
adverse health and envi ronmenta l  impacts  p re sen ted  by t h e  
s u b j e c t  chemical. This document has undergone s c r u t i n y  to 
e n s u r e  its t e c h n i c a l  accrrtacy. 
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ANTIMONY 

Summary 

The adverse heal th  effects most commonly associated with exposure t o  

antimony are pulmonary, cardiovascular,  dermal, and c e r t a i n  effects on 

reproduction, development, and longevity. Cardiovascular changes have 

been well-established with exposure t o  antimony and probably represent 

the most se r ious  threat t o  human health. Antimony has not been assoc- 

- -  

--. 

iated with carcinogenic effects. The lowest observed effect level for  

antimony i n  t h e  drinking water of rats was 5 ppm. A d r a f t  c r i t e r i o n  of 

145 Ag/l has been recommended fo r  antimony i n  water based on an accep- 

table da i ly  intake of antimony from water, f i s h ,  and she l l f i sh  for man of 

294 a- 
Antimony is h igh ly  tox ic  t o  aquat ic  organisms a t  a concentration 

Chronic values f o r  antimony i n  fresh- ranging from 19 mg/l t o  530 mg/l. 

water organisms range from 0.8 mg/l t o  5.4 mg/l. 

. 

I -  
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ANTIMONY 

I. INTROOUCTION 

This p r o f i l e  is based primarily on the Ambient Water Quality Criteria 

Oocument for  Antimony (U.S. €?A, 1979). The health -hazards of antimony 

and its compounds have also been recently reviewed by the National Ins- 

t i tute  f o r  Occupational Safety and Health (NIOSH,  1778). 
-3 

Antimony (Sb; molecular weight 121.8) is. a s i lve ry ,  b r i t t l e ,  s l i d  

belonging t o  group VE o f  the periodic  table and l i es  between arsenic  and 

bismuth. It is c l a s s i f i ed  as both a metal and a metalloid,  and its prin- 

c ipa l  oxidation states are +3 and +5. Antimony has a boi l ing  point of 

U66% and a melting point  o f  636%. Most inorganic compounds of an- 

timony a r e  either only s l i g h t l y  water soluble or decompose i n  aqueous 

media. 

Antimony reacts w i t h  both s u l f u r  and chlor ine t o  form the tri-and 

pentavalent su l f ides  and chlorides.  Oxidation t o  antimony t r iox ide  

( s t i b i n e ) ,  the major commercial oxide of antimony, is achieved under 

control led conditions. 

Consumption of antimony i n  the United S ta t e s  is on the  order of 

40,000 metric tons per year (Callaway, 19691, o f  which h a l f  is obtained 

f r o m  recycled scrap and the balance mainly imported. Use of antimony i n  

the  United States is directed chiefly t o  the manufacture of ammunition, 

storage b a t t e r i e s ,  matches and fireworks, and i n  t h e  fire-proofing of 

t ex t i l e s .  



001290 
11. EXPOSURE 

A. Water 

Schroeder (1966) compiled data from surveys o f  municipal water 

supp l i e s  i n  94 cities and reported that l e v e l s  averaged less than 0.2 

pg/1 i n  f in i shed  water. I n  a related s tudy,  Schroeder and Kraemer (1974) 

noted t h a t  t a p  water l e v e l s  of antimony can be e l eva ted  i n  s o f t  water 

s u p p l i e s  due t o  leaching from plumbing. 

8.  food 

Because of the  wide range of antimony l e v e l s  i n  var ious types  o f '  

foods, it is not poss ib l e  t o  accu ra t e ly  estimate an average dietary in -  

take. Tanner and Friedman (1977) . concluded .. t h a t  dietary i n t a k e  of 

antimony is neg l ig ib l e ,  based upon trace metal food monitoring data from 

the U.S. Food and Drug Administration. However, i n  ear l ier  s t u d i e s ,  tal- 

cu la t ed  average d i e t a r y  i n t a k e s  were reported a t  100 pg  pe r  day f u r  man 

(Schroeder,  1970) and i n  t h e  range of 0.25 t o  1.28 mg pe r  day f o r  i n s t i -  

t u t i o n a l i z e d  ch i ld ren  (Murthy, e t  a l . .  1971). I n  one study on antimony 

l e v e l s  i n  I t a l i a n  d i e t s  a mean d a i l y  value o f  s e v e r a l  micrograms was re- 

ported (Clemente, 1976). 

C. I nha la t ion  

Antimony i s  not general ly  found i n  ambient a i r  a t  measurable 

concentrat ions.  

s i b l y  s i g n i f i c a n t  l e v e l s  a t  only fou r  urban s t a t i o n s  (0.042 t o  0.085 

pg/m 1 (Schmeder, 1970; Woolrich, 1973). 

National Air Sampling Network data f o r  1966 showed pos- - 
3 

D. Other Routes 

The t o t a l  body burden o f  antimony a r i s i n g  from a l l  environmental 

medis is apparent ly  very small r e l a t i v e  t o  , o t h e r  trace metals ( i . e . ,  

load,  mercury, cadmium) i n  t h e  environment. Clemente ( 1976) publisheo 

. 
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l imited data on ca l  and ur inary levels of antimor. 8 i n  selected I t a l i a n  

populations and concluded that  d a i l y  i n t akes  were less than 2.0 pg/day. 

In  addi t ion ,  data on t h e  bioconcentrat ion p o t e n t i a l  of antimony in f i s h  

(U.S. EPA,  1978) i n d i c a t e  that no b i o a c c m l a t i o n  is l i k e l y  t o  occur. 

The U S .  €PA (1979) has ca lcu la ted  the weighted average bioconcentration 

factor (BCF) f o r  antimony t o  be 1.4 f o r  the edible po r t ions  of f i s h  and 

s h e l l f i s h  consumed by Americans. This estimate was based on =-day bio- 

concentrat ion studies i n  b lueg i l l .  

III.PHARMArnKIN€rICS \ 

Absorption o f  antimony in man and animals is mainly via the resp i r -  

a to ry  and gas tm.- in tes t ina l  tracts. The exten t  o f  absorpt ion is dependent 

on f ac to r s  such as s o l u b i l i t y ,  particle size, and chemical forms 

(Felicetti,  e t  al. 1974a; 1971b). Absorption v i a  the G I  tract is of  the  

o rde r  of several percent  with antimony t r iox ide ,  a relatively inso luble  

compound , and presmably  would be much g r e a t e r  with soluble antimonials.  

Blood is the main carrier f o r  antimony, the ex ten t  of p a r t i t i o n  

between blood compartments depending on the valence state of the element 

and the animal species s tudied  (Felicetti, e t  al. 197k).  The rodent ex- 

c lus ive ly  tends t o  concentrate  t r i v a l e n t  antimony f o r  long per: lods  i n  t h e  

erythrocyte (Djuric ,  et al .  1962). Whatever the species, i t  can gener- 

a l l y  be sa id  that  pentavalent  antimony is borne by plasma and t r i v a l e n t  

antimony in the erythrocyte. Clearance of antimony fm blood t o  t i s s u e s  

is relatively rap id ,  and this is especially true i n  the  case of  paren- 

teral adminis t ra t ion and the  use o f  pentavalent antimony (Casals, 1972; 

Abdalla and Saif, 1962; U-Bassouri ,  e t  al. 1963). 

e 

The t i s s u e  d i s t r i b u t i o n  and subsequent excre t ion  of antimony is a 

funct ion of the valence state. 

'\ , ~ .. . ., 
' * ' , \ .  . 
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In animals,  t r i v a l e n t  antimony a e r o s o l s  lead t o  h ighes t  levels i n  t h e  

lung, ske l e ton ,  l i v e r ,  pelt ,  and thyroid whi le  pentavalent  a e r o s o l s  show 

a s i m i l a r  d i s t r i b u t i o n ,  w i th  t h e  exception o f  slower uptake by t h e  liver 

(Felicett i ,  e t  a l .  1974a; 1974b; Thomas, et a l .  1973). 

Pa ren te ra l  admin i s t r a t ion  t o  animals shows t r i v a l e n t  antimony accumu- 

l a t i n g  i n  t h e  l i v e r  and kidney as well as i n  p e l t  and t h y m i d  (Molkhia 

and Smith, 1969; Waitz, e t  al .  1965). 

I n  man, non-occuoational o r  non-therapeutic exposure shows very low 
-r 

antimony l e v e l s  i n  var ious t i s s u e s  wi th  l i t t l e .  evidence of accumulation 

(Abdalla and Saif ,  1962). Chemotherapeutic use leads t o  h ighes t  accumu- 

l a t i o n  i n  l i v e r ,  thyroid,  and heart f o r  t r i v a l e n t  antimony. 

. The b i o l o g i c a l  half-life o f  antimony i n  man and animals i s  a func t ion  

o f  m u t e  of  exposure, chemical form, and oxidat ion state. The rat 

appears t o  be unique i n  demonstrating a long b i o l o g i c a l  half-time owing 

t o  antimony accumulation i n  t h e  erythrocyte .  I n  o t h e r  spec ie s ,  including 

man, moderate half-times of t h e  o rde r  of  days have been demonstrated. 

While most s o f t  t i s s u e s  do no t  appear t o  accumulate antimony, t he  s k i n  

does show accumulation, perhaps because of its high con ten t  of su l fhydry l  

groups. With r e spec t  t o  exc re t ion ,  i n j e c t i o n  of  t r i v a l e n t  antimony leads 

mainly t o  u r ina ry  exc re t ion  i n  guinea p igs  and dogs, and mainly fecal 

clearance i n  hamsters, mice and rats. 

Pentavalent  antimony i s  mainly excreted v i a  t h e  kidney i n  most 

species owing t o  its higher  l e v e l s  i n  plasma. 

Unexposed humans e x c r e t e  less than 1.0 y g  antimony d a i l y  via u r i n e ,  

while occupational o r  c l i n i c a l  exposure may r e s u l t  i n  markedly increased 

amounts. . 

lo- 7 000104 



Iv. m T S  

A. Carcinogenicity - 

Antimony has not been tested f o r  carcinosenic  a c t i v i t y  Usbg  an 

wpmpriately designed chronic bioassay pmtocol .  However, Shroeder 

(1970) indicated that the chronic a d m i n i s t a t i o n  of antimony a t  5 ppm in 

the drinking water o f  rats, had no apparent tumorigenic effect. W v e r ,  

the shortened l i f e  span o f  treated animals (average 106 to 107 days less 

tam contmls) limits the usefulness  o f  these data. Similar results were 

also abserved in a study w i t h  dce chronical ly  exposed .. to  an tbony  a t  5 

ppm in the drinklng water (Kanisawa and Schmeder, 1969). 

A single- epidemiologic inves t iga t ion  has been conducted into the 

role o f  antimony in the develupment of occupational lung cancer (Cavies, 

1973). This retmspef$ive study, which w a s  limited in scape, provided no 

d e f i n i t i v e  information to s u p p ~ r t ~ t h e  possible mfe of antimony i n  lung 

cancer development. 
- 

6. Muiaqmicity 

Antimony has not been tested for  act ivi ty  in standard muta- 

gen ic i ty  bioassays. 

C. Teratogenicity 

K t t l e  information is ava i lab le  concerning possible  te ra toqsnic  

effects o f  antimony. In one study, Casals (1972) observed no effects, 

Le., no fetal abnormalities, following adminis t ra t ion of a solution of 

antimony dextran g l y w s i d e  containing 125 or 250 mq S b h g  to pregnant 

on days 8 t0 15 O f  S S t a t i M .  

0. Other Reproductive Effects 
b 

Aiel lo  ( 1 9 5 5 )  observed a higher rate of premature d e l i v e r i e s '  

m n g  female workers engaged i n  antimony m e l t i n g  and processing. In  



addition, dysmenorrhea was frequent ly reported among women workers. 

S imi lar ly ,  Jelyaeva (1967) reported tha t  a greater inciderice o f  gyneco- 

l o g i c a l  disorders was found among antimony smelter workers than i n  a con- 

t r o l  group (77.5 percent vs. 56 percent; s ign i f icance unknown). Spon- 

taneous l a t e  abortions occurred i n  12 percent of the exposed females com- 

pared t o  4.1 percent among controls.  Average urine leve ls  of .antimony 

f o r  exposed workers, however, were extremely high, ranging from 2.1 t o  

2.9 mg/100 m l .  Antimony was also found i n  breast mi lk (3.32 2 mg/lO), . -. 
p lacenta l  t i ssue (3.2 t o  '12.6 mg/100 mg), amhiotic f l u i d  (6.2 t o  2.8 

mg/100 mg) , 2nd umb i l i ca l  cord blood (6.3 2 3 mg/100 m l )  . 
I n  studies with r a t s  exposed e i the r  - to antimony dust (50  mg/kg, 

i.p.1 o r  t o  antimony t r i o x i d e  dust (250 mg/m3, 4 hours per day f o r  1.5 

t o  2 months), Belyaeva (1967) reported increased reproductive fa i lure,  

fewer of fspr ing,  and damage t o  the reproductive t issues (ovary and 

uterus). 

E. Chronic Tox i c i t y  

The tox i c  e f fec ts  o f  exposure t o  antimony have been repeatedly 

observed i n  both humans and experimental rodents. Pulmonary, cardio- 

vascular, dermal, and ce r ta in  e f fec ts  on reproduction, development, and 

longevi ty are among the heal th  ef fects  most commonly associatea with an- 

timony exposure. 

Cardiovascular changes have been w e l l  established fo l lowing ex- 

posure t o  antimony and probably represent the most serious human heal th  

ef fects demonstrated thus far  (U.S. €PA, 1979). A i r  concentrations o f  

, ,: . .. . 
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0 antimony trisulfide exceeding 3 mg/cu m were associated with t h e  induc- 

t ion  of a lzered ECG pat te rns  and some deaths a t t r i bu ted  ,to myocardial 

damage amoro, ce r t a in  antimony workers (Erieger, e t  a l .  1954). Also, i n  

parallel stlrdies on animals, Erieger and coworkers (1954) observed ECG 

a l t e ra t ions  i n  rats and rabbits exposed t o  antimony i n  a i r  a t  levels of 

3.1 t o  5-6 mg/m , 7 hours/day, 5 daydweek fo r  a t  least 6 weeks. 3 

Gross and coworkers (1955) presented evidence f o r  gmwth retardat ion 

occurring when rats were chronically fed d i e t s  containing two percent 

antimony tr ioxide.  Other inves t iga tors  (Schmeder , e t  al. 1970; Kanisawa 

and Schmeder, 1969) reported that ora l  exposure t o  5 ppm of antimony i n  

drinking water had no effect on the rate of gmwth of either rats or  

mice. However, the 5 ppm exposure level w a s  effective i n  producing 

s l i g h t  but s ign i f i can t  l i fespan  shortening i n  both rats and mice, and 

altered blood chemistries i n  exposed rats. Therefore, the  5ppm exuosure 

level has been considered t h e  "lowest observed e f f e c t  level" i n  animals 

that l i k e l y  approximates the "no effect" level fo r  antimony-induced ef- 

fects on gmwth and longevity. 

V. AQUATIC TOXICITY 

v 

a 

\ A. Acute Toxicity 

The data base f o r  antimony and freshwater organisms is small and 

indica tes  Mat olant r  may be more sens i t i ve  than f i s h  or invertebrate  

species. 

A 96-hour LCso of 22,000 pg/l was reported fo r  antimony tri- 

chlor ide with the fathead minnow, whereas the value for  bluegi l ls  and 

antimony t r iox ide  is above 530,000 pg/l (U.S. E P A ,  1979). For Daohnia 

maana a 18-hour LCa value of 19,000 pg/l and a 61-hour EC50 valde of 

19,800 pg/1 have heen reported for  antimony t r ich lor ide .  Another 48-nour 

QOO%OV rc e- ' 
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EC50 value f o r  antimony t r i o x i d e  and Daohnia maona has been reported t o  

be above 530,000 p g / l  (U.S. €PA, 1979). 

8 .  Chronic Tox ic i ty  

No adverse ef fects on the fathead minnow were observed dur ing an 

embryo-larval t e s t  with antimony t r i o x i d e  a t  the highest t e s t  conceri- 

t r a t i o n  of 7.5 1.1911 (U.S. €PA, 1978). However, a comparable t e s t  w i t h  

antimony t r i c h l o r i d e  produced l i m i t s  of 1,100 and 2,300 pg/1 for  a 

chronic value o f  800 pg/1. A l i f e  cycle t e s t  with Daohnia maqna and an- 

timony t r i c h l o r i d e  produced l i m i t s  o f  4,200 and. 7,000 Ng/1 f o r  a chronic 

value o f  5,400 pg /1  (U.S. P A ,  1979). Per t inent  informat ion could not  be 

located i n  the avai lab le l i t e r a t u r e  regarding chronic ef fects  o f  antimony 

on saltwater organisms. 

C. Plants E f fec ts  

-. 

The 96-hour EC9 values f o r  ch lo rophy l l  2 i n h i b i t i o n  and re- 

duction i n  c d l  number o f  the freshwater alga, Selenastrum caoriczmutum 

are 610 and 630 k g / l ,  respect ively.  This ind icates tha t  aauatic p lan ts  

may be more sensi t ive than f i s h  or  inver tebrate species (U.S. €?A, 

1978). No i n h i b i t i o n  of ch lo rophy l l  2 reduct ion or i n  c e l l  numbers of 

the marine alga, Skeletonema costatun, were observed a t  concentrations as 

high as 4,20Oya/l  (U.S. €PA, 1978) .  

0. Residues 

There was no bioconcentration o f  antimony by the b l u e g i l l  above 

cont ro l  concentrations during a 28 day .exposure t o  antimony. No data 

have been regorted on bioconcentration of antimony i n  marine soecies. 

V I  EXISTING GUIDELINES AND STANDARDS 

Neither the human heal th  nor aquatic c r i t e r i a  derived by U.S. EPA 

(19791, which are summarized below, have gone through the process of 



publ ic  review; 

be  changed. 

A. Human 

e therefore ,  there is a p c s s i b i l i t y  that  these cr i ter ia  may 

Exis t ing  occupational s tandards f o r  exposure t o  antimony a r e  

reviewed i n  t h e  recent ly  released NIOSH criteria document, Occupatana l  

Exposure t o .  Antimony (U.S. Oepartment of  Health, Education and Welfare, 

1978). A s  stated i n  the NIOSH (1978) document, t he  American Conference 

o f  G o v e m e n t a l  I n d u s t r i a l  Hygienis ts  (ACGIH),  i n  1977, listed the  T L V  

f o r  antimony as 0.5 mg/m3 along w i t h  a notice' of intended change t o  a 

proposed T L V  of  2.0 mg/m3 for so luble  antimony salts. The proposed TLV 

-I 

w a s  based mainly on the reports of --Taylor (1966) and Cordasco (1974) on 

acc iden ta l  poisoning by antimony t r i c h l o r i d e  and pentachlor ide,  respec- 

t i v e l y .  Proposed limits o f  0.5 mg/m3 f o r  handling and use of .antimony 

t r i o x i d e  and 0. OS mg/m3 f o r  antimony t r i o x i d e  production were included 

i n  the ACGIH (1977) no t i ce  o f  intended changes. 

The Occupational Safety and Health Administzation earlier adopted the  

1968 ACGIH TLV f o r  antimony o f  0.5 mg/m3 as t h e  Federal standard (29 

CFR 1910.1000). This l i m i t  is cons i s t en t  w i t h  limits adopted by many 

o the r  coun t r i e s  as described i n  Occupational Exposure Limits f o r  Airborne 

Toxic Substances - A t abu la r  Compilation o f  Values f r o m  Selected Coun- 

tries, a publ ica t ion  released by the In te rna t iona l  Labour Office i n  

1977. The NIOSH (1978) document a l s o  presented table of exposure limits 

from several count r ies ,  reproduced here as Table I; t he  typical 

s tandard adopted was 0.5 mg/m3. 



TABLE 1 , 

HYGIENIC STANOAROS OF SEVERAL COUNTRIES FOR 
ANTIMONY A N 0  COMPOUNDS I N  THE WORKING ENVIRONMENT 

Country Standard Q u a l i f i c a t i o n s  
( mg/m3 

Finland 0.5 Not stated 
Federal Republic o f  Germany 
Democratic Republic o f  Germany 
Rumania 
USSR 

Sweden 
USA 
8-hour TWA 
Yugoslavia 

0.5 
0.5 
0.5 
0.5 
0.3 

1.0 

1.0 

0.5 

0.5 

8-hour TWA 
Not stated 
Not stated 
For antimony d u s t  
For f l u o r i d e s  and 
c h l o r i d e s  ( t r i - a n d  
pen tava len t ) ;  o b l i -  
gatory c o n t r o l  of HF 
and HC1 
For t r i v a l e n t  oxides  
and s u l f i d e s  
For pen tava len t  
oxides and s u l f i d e s  
Not s ta ted 
0.5 

I 

Not stated 
.. 

Modified from Occupational Exposure L i m i t s  i n  Airborne Toxic Sub- 
s t ances ,  I n t e r n a t i o n a l  Labour Office.  

The 0.5 mg/m3 l e v e l  was a l s o  recommended as t h e  United S t a t e s  occupa- 

t i o n a l  exposure s tandard by t he  NIOSH (1978) cr i ter ia  document, based 

mainly on estimated no-effect  levels f o r  ca rd io tox ic  and pulmonary ef- 

fects. 

Based upon t h e  data presented i n  t h e  Ambient Water Q u a l i t y  Criteria 

Oocument f o r  Antimony (U.S. €?A, 15791, a recommended d r a f t  c r i t e r i o n  of 

145 pg/l  has been established. T h i s  value i s  based upon an acceptable 

da i ly  i n t a k e  f o r  man of 294 ug, derived from experimental  animal studies 

i n  which 5 ppm of  antimony produced a s l i g h t  shortening o f  l i f e s p a n  w i t h  

no o t h e r  deserved effects. An unce r t a in ty  f a c t o r  of  io0 was used i n  ex- . 
t r a p o l a t i n g  from animal data  t o  hman h e a l t h  effects. 

. , .  
A@ 
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8.  Aquatic 

The draft c r i t e r i o n  f o r  Antimony t o  pro tec t  freshwater aquat ic  

l i f e  as derived using the Guidelines is 120 pg/l a s  a 24 hour average and 

the  concentrat ion should not exceed 1,000 p g / l  a t  any t h e .  

A saltwater cr i te r ior !  was not derived (U.S. €PA, 1979) 

. 4  

. .  
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DISCLAIMER 

T h i s  r e p o r t  r e p r e s e n t s  a s u r v e y  of t h e  p o t e n t i a l  h e a l t h  
and env i ronmen ta l  h a z a r d s  f rom exposure  t o  t h e  s u b j e c t  chemi- 
ca l .  The i n f o r m a t i o n  c o n t a i n e d  i n  t h e  repor t  is drawn c h i e f l y  
f rom secondary  s o u r c e s  and a v a i l a b l e  r e f e r e n c e  documents. 
Because  of t h e  l i m i t a t i o n s  of such  s o u r c e s ,  t h i s  s h o r t  p r o f i l e  
may n o t  r e f l e c t  all avai lable  i n f o r m a t i o n  i n c l u d i n g  all t h e  
adverse h e a l t h  and env i ronmen ta l  impacts  p r e s e n t e d  by t h e  
s u b j e c t  chemical. T h i s  document h a s  undergone s c r u t i n y  t o  
e n s u r e  i ts  t e c h n i c a l  accu racy .  

.. I . 
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SPECIAL NOTATION 

U . S .  EPA's Carcinogen Assessment Group (CAG) has evaluated 

arsen ic  and h a s  found s u f f i c i e n t  ev idence  to i n d i c a t e  t h a t  

t h i s  compound is  carc inogenic .  

. .  '. .. . 
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ARSENIC 

SUMMARY 

E p i d e m i o l o g i c a l  s t u d i e s  have  shown i n c r e a s e d  d e a t h  ra tes  

from lung .  c a n c e r  i n  w o r k e r s  exposed  to  a r s e n i c ,  p r o b a b l y  

t h r o u g h  i n h a l a t i o n .  O t h e r  human s t u d i e s  have  shown increased 

s k i n  c a n c e r s  i n  n o n - o c c u p a t i o n a l l y  exposed  p o p u l a t i o n s .  I n -  

creased i n c i d e n c e  of lymphonas and hemang ioendo the l iomas  are 

a l so  o c c a s i o n a l l y  r e p o r t e d .  -l 

A r s e n i c a l s  have  p roduced  mutagen ic  e f f e c t s  i n  p l a n t s ,  

bacter ia ,  v i t r o  l e u k o c y t e  c u l t u r e s ,  and i n  t h e  lymphocy tes  

o f  exposed  humans. The t e r a t o g e n i c  e f f e c t s  o f  a r sen ica ls  

have been d e m o n s t r a t e d  i n  many a n i m a l  species. An i n c r e a s e d  

f r e q u e n c y  of a b o r t i o n s  i n  p r e g n a n t  women exposed  to  a r s e n i c  

h a s  been r e p o r t e d  i n  a s i n g l e  s t u d y  ( U . S .  E P A ,  1 9 7 9 ) .  

The c h r o n i c  toxic  e f f e c t s  of arseEic i n v o l v e  s k i n  hyper -  

k e r a  tos is 1 i v e r  damage, n e u r o l o g  i c a l  d i s t u r b a n c e s  ( i n c l u d  i n g  . - 

h e a r i n g  loss ) and a gangrenous  c o n d i t i o n  of t h e  e x t r e m i t i e s  

( B l a c k f o o t  d isease ) . An i n c r e a s e d  m o r t a l i t y  f rom card iovas -  

c u l a r  d i s e a s e  r e s u l t i n g  from c h r o n i c  a r s e n i c  e x p o s u r e  has  

been s u g g e s t e d  i n  t w o  s t u d i e s .  

The d a t a  b a s e  f o r  t h e  t o x i c i t y  o€ a r s e n i c  to  aqua t i c  or- 

gan i sms  is more complete f o r  f r e s h w a t e r  o r g a n i s m s ,  w h e r e  con- 

c e n t r a t i o n s  as l o w  as 128  ug/1 have  been a c u t e l y  t o x i c  to 

f r e s h w a t e r  f i s h .  A s i n g l e  mar ine  s p e c i e s  produced  an acute  

v a l u e  i n  excess of 8 ,000  pg / l .  Based on me c h r o n i c  l i f e  

c y c l e  t e s t  u s i n g  Daphnia  magna, a c h r o n i c  v a l u e  f o r  a r s e n i c  

was e s t i m a t e d  a t  853 wq/l. 
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ARSENIC 

I .  INTRODUCTION 

T h i s  p r o f i l e  is based on the Ambient Water Q u a l i t y  C r i -  

t e r i a  Document f o r  Arsenic  (U.S. E P A , '  1979) . 
A r s e n i c  is a g r a y ,  c r y s t a l l i n e  metalloid w i t h  a molecu- 

1 a r . w e i g h t  o f  74.92, a d e n s i t y  of 5,727, a m e l t i n g  p o i n t  ( a t  

28 a tmospheres)  of 817OC, and a b o i l i n g  p o i n t  ( s u b l i m a t e s )  of  

613OC (Weast, 1975). Arsen ic  e x i s t s  i n  a v a r i e t y  of v a l e n c e  

s ta tes ;  t h e  most common forms i n c l u d e  p e n t a v a l e n t  ( a r s e n a t e ) ,  

t r i v a l e n t  ( a r s e n i t e ) ,  and -3 v a l e n c y  ( a r s i n e )  . Properties of 

v 

some i n o r g a n i c  a r s e n i c  compounds are shown i n  Table  1. 

Cond i t ions  of  low pK, low o x i d a t i o n - r e d u c t i o n  p o t e n t i a l ,  

and l o w  d i s s o l v e d  oxygen i n  water f a v o r  f .ormation of  the 

lower va lency  states ( a r s e n i t e  and a r s i n e ) ;  more bas ic ,  oxy- 

gena ted  waters f a v o r  the p resence  of a r s e n a t e .  

a r s e n i c  can be conve r t ed  t o  o r g a n i c  a l k y l - a r s e n i c  acids  and 

t o  methylated '  ars ines  under  both aerobic and a n a e r o b i c  condi- 

t i o n s  (U.S. EPA, 1979). 

I n o r g a n i c  

A r s e n i c  and its compounds are used i n  the manufacture  of 

g lass ,  c l o t h ,  and e lectr ical  semiconductors ,  as f u n g i c i d e s  

and wood p r e s e r v a t i v e s ,  as growth s t i m u l a n t s  f o r  p l a n t s  and 

an ima l s ,  and i n  v e t e r i n a r y  a p p l i c a t i o n s  (U.S. EPA, 1976). 

Produc t ion  is c u r r e n t l y  1 . 8  x l o 4  metric  t o n s  p e r  y e a r  

(U.S. EPA,  1979). 

Arsen ic  w i l l  p e r s i s t  i n  some form i n  the environment .  

I n o r g a n i c  arsenate is thermodynamically favored  under  normal 

c o n d i t i o n s  o v e r  a r s e n i t e  i n  water and is a more s o l u b l e  form 

(Ferguson and Gav i s ,  1972). Both arsenate  and a r s e n i t e  may 

be p r e c i p i t a t e d  from water by a d s o r p t i o n  o n t o  i r o n  and  alum- 



T a b l e  1. P r o p e r t i e s  oE Some I n o r g a n i c  A r s e n i c  Cortrpounds 
( S t a n d e n ,  1967; U.S. EPA,  1976)  , 

._ . 
a: 

. -  
.. A 

5 .  

Coinpou nd For mu1 a Water  S o l u b i l i t y  S p e c i f i c  P r o p e r t i e s  

A r s e n i c  triox i d e  

A r s e n i c  p e n t o x i d e  

A r s e n i c  h y d r i d e  - 
A r  s e n  I.c ( I I I ) s u l  f i d e  

A r s e n i c  s u l  f i d e  

A r s e n i c (  V) s u l  f ' ide  

1 2  x 106  p q / l  @ ooc D i s s o l v e s  in  wa te r  to form 
2 1  x l o 6  pq/1 @ 25OC 

2300 x l o 6  pg/1 @ 2OoC D i s s o l v e s  in  wa te r  to form 

a r s e n i o u s  a c i d  (H3AsO3: 
K = 8 x @ 25OC) 

As203 

a r s e n i c  a c i d  (H3AsOq:Kl = 2.5 
K 2  = 5.6 x 
K3 = 3 x 

d e r i v a t i v e s  a r e  c o n s i d e r e d  to 
be t h e  most tox ic. 

A s 2 0 5  

AS11 3 20 m1/100 g c o l d  water This compound and its methyl  

520 pg/ l  @ 1 8 O C  B u r n s  in  a i r  forming a r s e n i c  
triox i d e  and s u l f u r  d iox i d e ;  
occurs n a t u r a l l y  a s  o r p i m e n t .  

O c c u r s  n a t u i a l l y  as r e a l g a r .  

"4'6 

A s 4 S 4  

As4S10 1400 pg/l  @ O°C 

. . .  



inum ,ompounds ( U . S .  EPA, 1 9 7 9 ) .  M e t h y l a t e d  a r s i n e s  a p p e a r  

t o  be v o l a t i l e  and s p a r i n g l y  s o l u b l e .  Waters c o n t a i n i n g  h i g h  

o r g a n i c  matter may b i n d  a r s e n i c  compounds t o  c o l l o i d a l  humic -.. . 

matter (U.S. EPA, 1 9 7 9 ) .  

11. EXPOSURE 

A r s e n i c  a p p e a r s  t o  be u b i q u i t o u s  i n  'the e n v i r o n m e n t .  

The e a r t h ' s  c r u s t  c o n t a i n s  a n  a v e r a g e  arsenic c o n c e n t r a t i o n  

of 5 mg/kg ( U . S .  EPA, 1 9 7 6 ) . .  The mayor s o u r c e s  of a r s e n i c  i n  

t h e  env i ronmen t  are i n d u s t r i a l ,  s u c h  as t h o s e  in t h e  s m e l t i n g  
. - .  

of non- fe r rous  6res and in c o a l - f i r e d  power p l a n t s  tha t  u t i -  

l i z e  f u e l  c o n t a i n i n g  a r s e n i c .  S u b s t a n t i a l  a r s e n i c  contamina-  

t i o n  of water c a n  o c c u r  f rom the imprope r  u s e  of a r s e n i c a l  

p e s t i c i d e s  (U.S. EPA, 1 9 7 9 ) .  

Based on  ava i lab le  m o n i t o r i n g  d a t a ,  t h e  'J.S. EPA ( 1 9 7 9 )  

h a s  e s t i m a t e d  t h e  uptake of a r s e n i c  by a d u l t  humans from a i r ,  

water, and food:  

S o u r c e  mq/day 

M a x  imum Cond it i o n s  Minimum Cond it i o n s  
Atmosphere .125 .001 
Water 4.9 0.002 
Food Supp ly  - T o t a l  5.925 ,010 

.007  - .9 

Contamina ted  w e l l  water, s e a f o o d ,  and a i r  n e a r  s m e l t i n g  

p l a n t s  a l l  p r e s e n t  s o u r c e s  o f  h i g h  p o t e n t i a l  a r s e n i c  i n t a k e .  

The U.S. EPA ( 1 9 7 9 )  h a s  estimated t h e  w e i g h t e d  a v e r a g e  

b i o c o n c e n t r a t i o n  f a c t o r  (BCF) f o r  a r s e n i c  t o  be 2.3 i n  t h e  

ed ib l e  p o r t i o n s  o f  f i s h  and s h e l l f i s h  consumed by Amer icans .  

T h i s  estimate w a s  based  on b i o c o n c e n t r a t i o n  s t u d i e s  i n  f r e s h -  

water f i s h .  

e 
000121 
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111. PHARMACOKINETICS 

A. A b s o r p t i o n  

The main routes by which a r s e n i c  can  e n t e r  t h e  body 

are  i n h a l a t i o n  and i n g e s t i o n .  P a r t i c l e  s i z e  and s o l u b i l i t y  

g r e a t l y  i n f l u e n c e  t h e  b i o l o g i c a l  f a t e  of i n h a l e d  a r s e n i c .  

F a l k  and K o t h  ( 1 9 6 1 )  have r e p o r t e d  t h a t  t h e  opt imal  r ange  o f  

p a r t i c l e  s i z e  f o r  d e p o s i t i o n  i n  t h e  lower t r a c h e o b r o n c h i a l  

t ree is 0 . 1  t o  2 u. L a r g e r  . pa r t i c l e s  are t r a p p e d  by t h e  

mucous  membranes o f  t h e  nose  and t h r o a t  and swal lowed;  

f o l l o w i n g  t h i s ,  t h e  par t ic les  may be a b s q r b e d  from t h e  

g a s t r o i n t e s t i n a l  t r a c t  ( U . S .  EPA, 1 9 7 9 ) .  

Human i n h a l a t i o n  s t u d i e s  i n  t e r m i n a l  l u n g  c a n c e r  

p a t i e n t s  ( H o l l a n d ,  e t  a l .  1 9 5 9 )  h a v e  i n d i c a t e d  t h a t  4 . 8  t o  

8 .8  p e r c e n t  o f  i n h a l e d  a r s e n i c - 7 4  i n  c i g a r e t t e  smoke may be 

a b s o r b e d .  R a d i o a c t i v e  a r s e n i t e  i n h a l e d  i n  an  aerosol s o l u -  

t i o n  by t w o  p a t i e n t s  showed 3 2  and 6 2  p e r c e n t  a b s o r p t i o n ,  re- 

s p e c t i v e l y .  P i n t o ,  e t  a l .  ( 1 9 7 6 )  s t u d i e d  a r s e n i c  e x c r e t i o n  

i n  2 4  w o r k e r s  exposed  t o  t h e  compound d u r i n g  c o p p e r  s m e l t i n g ;  

u r i n a r y  a r s e n i c  l e v e l s  were found t o  cor re la te  s i g n i f i c a n t l y  

w i t h  a v e r a g e  a i r b o r n e  a r s e n i c  c o n c e n t r a t i o n s .  

Water s o l u b l e  a r s e n ' i c a l s  are  r e a d i l y  a b s o r b e d  t h r o u g h  

t h e  g a s t r o i n t e s t i n a l  t r ac t .  S t u d i e s  w i t h  r a d i o a c t i v e  arse- 

n a t e  a d m i n i s t e r e d  o r a l l y  t o  r a t s  have  shown 70 t o  90 p e r c e n t  

a b s o r p t i o n  from t h e  g a s t r o i n t e s t i n a l  t r a c t  (Urakubo,  e t  a l .  

1975;  D u t k i e w i c z ,  1 9 7 7 ) .  A r s e n i c  t r i o x i d e  Fs o n l y  s l i g h t l y  

s o l u b l e  i n  water and is n o t  w e l l  a b s o r b e d .  T h e o r e t i c a l l y , *  

t r i v a l e n t  a r s e n i c a l s  shou ld  be less r e a d i l y  abso rbed  t h a n  

4 

p e n t a v a l e n t  f orms due  t o  r e a c t i v i t y  w i t h  membrane components  



and lower s o l u b i l i t y  (U.S. EPA, 1 9 7 9 ) .  However, h v e s t i g a -  

t o r s  have r e p o r t e d  h igh  a b s o r p t i o n  of  t r i v a l e n t  a r s e n i c  from 

t h e  g a s t r o i n t e s t i n a l  t r a c t  i n  humans ( B e t t l e y  and O 'Shea ,  

1975; Crece l ius ,  1 9 7 7 ) .  

The a b s o r p t i o n  o f  a r s e n i c a l s  f o l l o w i n g  dermal expo- 

s u r e  has  been d e s c r i b e d  fn r a t s  ( D u t k i e w i c z ,  1977)  and humans 

(Robinson,  1975; Garb and Hine ,  1 9 7 7 ) .  

A r s e n i c  has  been d e t e c t e d  i n  the t i s s u e s  (Kadowaki, 
v 

1960)  and co rd  blood o f  newborns (Kagey, e t  a l .  1 9 7 7 ) ,  and 

t h u s  t r a n s f e r s  across t h e  p l a c e n t a  i n  humans. 

B. D i s t r i b u t i o n  

I n j e c t i o n  of r a d i o l a b e l l e d  a r s e n i t e  in t e r m i n a l l y  

ill p a t i e n t s  produced widespread  d i s t r i b u t i o n  of t h e  compound 

(WHO, 1 9 7 3 ) .  Hunter ,  e t  a l .  (1942)  s t u d i e d  t h e  d i s t r i b u t i o n  

of r a d i o a c t i v e  a r s e n i c a l s  i n  humans f o l l o w i n g  oral  and paren-  

t e r a l  a d m i n i s t r a t i o n  and found a r s e n i c  i n  t h e  l i v e r ,  k idney ,  

l u n g s ,  s p l e e n ,  and s k i n  d u r i n g  t h e  f irst  24 hour s  a f t e r  ad- 

m i n i s t r a t i o n .  L e v e l s  of a r s e n i c  are m a i n t a i n e d  for l ong  per -  

iods i n  bone, h a i r  and n a i l s  (Kadowaki, 1960; L* L i e b s c h e r  and 

Smi th ,  1 9 6 8 ) .  

T i s s u e  d i s t r i b u t i o n  of p e n t a v a l e n t  a r s e n i c  has  been 

d e s c r i b e d  i n  o n l y  a few an ima l  s t u d i e s ;  t h e s e  s t u d i e s  i n d i -  

cate o n l y  minor  d i f f e r e n c e s  i n  d i s t r i b u t i o n  between t r i v a l e n t  

and p e n t a v a l e n t  a r s e n i c a l s  (WHO, 1 9 7 3 ) .  
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C. Metabolism 

S t u d i e s  w i t h  b r a i n  t u m o r  p a t i e n t s  g i v e n  i n j e c t i o n s  

of t r i v a l e n t  a r s e n i c  i n d i c a t e  t h a t  a b o u t  60 p e r c e n t  of t h e  

t o t a l  u r i n a r y  a rsen ic  was i n  t h e  p e n t a v a l e n t  s t a t e  t h e  f i r s t  

d a y  a f t e r .  d o s i n g  (Mealey ,  e t  a l .  1 9 5 9 ) .  Braman and Foreback  

( 1 9 7 3 )  h a v e  a n a l y z e d  human u r i n e  samples and d e t e c t e d  h i g h  

amounts  o f  m e t h y l a t e d  forms ( d i m e t h y l  a r s e n i c  a c i d  and m e t h y l  

a r s e n i c  a c i d ) .  A n a l y s i s  of t h e  u r i n e  o f  one  p a t i e n t  who in-  

g e s t e d  a r s e n i c - c o n t a m i n a t e d  wine i n d i c a t e d  t h a t  8 p e r c e n t  of 

t h e  i n i t i a l  d o s e  was e x c r e t e d  as i n o r g a n i c  a r s e n i c ,  50 per- 

c e n t  w a s  e x c r e t e d  as d i m e t h y l  a r s e n i c  a c i d ,  and 14 p e r c e n t  

was e x c r e t e d  as me thy l  a r s e n i c  a c i d  ( C r e c e l i u s ,  1 9 7 7 ) .  

The h a l f - l i v e s  of i n o r g a n i c  and organic (methy-  

l a t e d )  a r s e n i c a l s  i n  one  p a t i e n t  have  been r e p o r t e d  as 1 0  and 

30 h o u r s ,  r e s p e c t i v e l y  (Crece l ius ,  1 9 7 7 ) .  

D. E x c r e t i o n  

A r s e n i c  is e x c r e t e d  p r i m a r i l y  i n  t h e  u r i n e ,  w i t h  

small amounts removed in t h e  f e c e s  and t h r o u g h  normal  h a i r  

l o s s  and s k i n  s h e d d i n g  ( U . S .  EPA, 1 9 7 9 ) .  Reports of minor  

a r s e n i c  loss  i n  sweat have  a lso been made ( V e l l a r ,  1 9 6 9 ) .  

Smal l  amounts  of r a d i o a c t i v e  a r s e n i c  (.003 t o  .35 

p e r c e n t )  have been d e t e c t e d  i n  e x p i r e d  a i r  f o l l o w i n g  admin i s -  

t r a t i o n  t o  r a t s  ( D u t k i e w i c z ,  1 9 7 7 )  and c h i c k e n s  (Overby and 

F r e d r i c k s o n ,  1 9 6 3 ) .  

I V .  EFFECTS. 

A.  C a r c i n o g e n i c i t y  

Ep idemio log  i ca l  s t u d i e s  have  shown an i n c r e a s e d  

m o r t a l i t y  r a t e  from r e s p i r a t o r y  c a n c e r  i n  w o r k e r s  exposed t o  



a r s e n i c  d u r i n g  s m e l t i n g  o p e r a t i o n s  ( L e e  and F rauman i ,  1969 ;  

P i n t o  and B e n n e t t ,  1963; S n e g i r e f f  and Lombard, 1951;  Kura t -  ' 

s u n e ,  e t  a l .  1 9 7 4 ) .  A r e t r o s p e c t i v e  s t u d y  of Dow Chemica l  

employees  i n d i c a t e d  t h a t  w o r k e r s  exposed  p r i m a r i l y  t o  l e a d  

a r s e n a t e  and c a l c i u m  a r s e n a t e  showed i n c r e a s e d  d e a t h  ra tes  

f rom l u n g  c a n c e r  and m a l i g n a n t  neoplasms of t h e  l y m p h a t i c  and 

h e m a t o p o i e t i c  systems ( e x c e p t  l e u k e m i a )  ( O t t ,  e t  a l .  1 9 7 4 ) .  

A similar t r e n d  w a s  n o t e d  in a s t u d y  of retired 

A l l i e d  Chemica l  w o r k e r s  (Baetjer, e t  a l .  \ 1 9 7 5 ) .  

High ra tes  of deve lopmen t  of s k f n  c a n c e r s  have  b e e n  

r e p o r t e d  in-  s e v e r a l  s t u d i e s  o f  -- p o p u l a t i o n s  exposed  to  h i g h  

c o n c e n t r a t i o n s  of a r s e n i c  in d r i n k i n g  water ( G e y e r ,  1898;  

B e r g o g i l i o ,  1964; Tseng,  e t  a l .  1968). 
- 

Eenang ioendo the l ioma  o f  t h e  l i v e r  associated w i t h  

e x p o s u r e  t o  a r s e n i c a l s  t h r o u g h  i n g e s t i o n  h a s  been r e p o r t e d  in 

s e v e r a l  case s t u d i e s  ( R o t h ,  1957; R e g e l s o n ,  e t  a l .  1 9 6 8 ) .  

E x t e n s i v e  e x p e r i m e n t s  In a n i m a l  systems w i t h  a r s e n -  

i ca l s  a d m i n i s t e r e d  i n  t h e  d i e t  o r  d r i n k i n g  water, or a p p l i e d  

t o p i c a l l y  or by i n t r a t r a c h e a l  i n s t i l l a t i o n  f a i l e d  t o  show 

p o s i t i v e  t u m o r i g e n i c  e f f e c t s  (U.S. EPA, 1 9 7 9 ) .  However, t w o  

r e c e n t  reports h a v e  shown e f f e c t s  i n  a n i m a l s .  S c h r a u z e r  and 

I s h m a e l  ( 1 9 7 4 )  i n d i c a t e d  t h a t  f e e d i n g  of sodium arseni te  i n  

d r i n k i n g  water a c c e l e r a t e d  the rate o f  s p o n t a n e o u s  mammary 

tumor f o r m a t i o n .  Osswald and Goerttler ( 1 9 7 1 )  found a n  

i n c r e a s e  i n  l e u k e m i a s  and lymphomas i n  mice i n j e c t e d  

r e p e a t e d l y  w i t h  sodium a r s e n a t e .  

Animal s t u d i e s  on t h e  s k i n  tumor-promot ing  or  co- 

c a r c i n o g e n i c  e f f e c t s  o f  a r s e n i c a l 3  have produced  n e g a t i v e  

r e s u l t s  (Raposo ,  1928;  B a r o n i ,  e t  a l .  1963;  B o u t w e l l ,  1 9 6 3 ) .  



R. M u t a g e n i c i t y  

An i n c r e a s e d  i n c i d e n c e  o f  chromosomal ' a b e r z a t i o n s  

h a s  b e e n  f o u n d  i n  p e r s o n s  e x p o s e d  t o  a r s e n i c  o c c u p a t i o n a l l y  

a n d  m e d i c a l l y  ( P e t r e s ,  e t  a l .  1 9 7 0 ;  N o r d e n s o n ,  e t  a l .  1 9 7 8 ;  

E u r g d o r f ,  e t  a l .  1 9 7 7 ) .  

I n  v i t r o  chromosomal  c h a n g e s  f o l l o w i n g  e x p o s u r e  t o  -- 
a r s e n i c a l s  h a v e  been  r e p o r t e d  i n  root m e r i s t e m  c u l t u r e s  

( L e v a n ,  1 9 4 5 )  a n d  i n  human l e u k o c y t e  c u l z u r e s  ( P e t r e s  and 

H u n d e i k e r ,  1968 ;  P e t r e s ,  e t  a l .  1 9 7 0 ,  1972 ;  P a t o n  and  

A l l i s o n ,  1 9 7 2 ) .  

A r s e n a t e  h a s  been  f o u n d  t o  i n c r e a s e  t h e  f r e q u e n c y  

of chromosome e x c h a n g e s  i n  D r o s o p h i l a .  S s v e r a l  o r g a n i c  ar- 

s e n i c a l s  h a v e  a s y n e r g i s t i c  e f f e c t  w i t h  e t h y l m e t h a n e  s u l f o n -  

a t e  i n  p r o d u c i n g  chromosome a b n o r m a l i t i e s  i n  b a r l e y  (Moutsh- 

c e n  and  Peq ' raeve ,  1 9 6 5 ) .  

Sodium a r s e n a t e ?  sodiur?  a r s e n i t e ?  and  a r s e n i c  t r i -  

c h l o r i d e  p r o d u c e d  p o s i t i v e  m u t a g e n i c  e f f e c z s  i n  a r e c o n b i n a n t  

s t r a i n  of B a c i l l u s  s u b t i l l u s  ( N i s h i o k a ,  1 9 7 5 ) .  L o f o t t h  and  

P-mes ( 1 9 7 8 )  w e r e  u n a b l e  t o  show m u t a g e n i c  e f f e c t s  o f  t r i v a l -  

e n t  a n d  p e n t a v e l e n t  a r s e n i c a l s  i n  t h e  A m e s  S a l n o n e l l a  a s s a y .  

A r s e n i t e  e x p o s u r e  d e c r e a s e d  t h e  s u r v i v a l  of E. c o l i  a f t e r  U V  

damage of c e l l u l a r  PNA (Rossman,  e t  a l .  1 9 7 5 ) .  

- -  



C. T e r a t o g e n i c i t y  

a 

a 

I 

t l o r d s t r o m ,  e t  a l .  (1978) h a v e  r e p o r t e d  an  increase 

i n  t h e  f r e q u e n c y  o f  s p o n t a n e o u s  a b o r t i o n s  i n  p r e g n a n t  women 

l i v i n g  i n  t h e  v i c i n i t y  o f  a c o p p e r  s m e l t i n g  p l a n t ;  t h e  expo- 

s u r e  env i ronmen t  was complex , i n v o l v i n g  s e v e r a l  heavy  metals 

and  s u l f u r  d i o x i d e .  

Sodium a r s e n a t e  h a s  been  shown t o  i n d u c e  t e r a t o g e n -  

i c  e f f e c t s  i n  t h e  c h i c k  embryo (Ridgway and K a r n o f s k y ,  1952), 

i n  g o l d e n  hamsters (Ferm and C a r p e n t e r ,  1968; \ F e r m ,  e t  a l .  

1971), i n  mice (Hood and  B i s h o p ,  19721, and r a t s  ( B e a u d o i n ,  

1974). M a l f o r n a t i o n s  n o t e d  i n c l u d e d  e x e n c e p h a l y ,  anenceph- 

a l y ,  r e n a l  a g e n e s i s ,  g o n a d a l  a g e n e s i s ,  e y e  d e f e c t s ,  and r i b  

and g e n i t o u r i n a r y  a b n o r m a l i t i e s .  Sodium a r s e n i t e  i n j e c t e d  

i n t r a p e r i t o n e a l l y  i n t o  mice p roduced  a lower i n c i d e n c e  o f  

m a l f o r m a t i o n s  t h a n  an  e q u i v a l e n t  d o s e  o f  sodium a r s e n a t e  

- 

(Hood and B i s h o p ,  1972; Hood, e t  al. 1977). T h a c k e r ,  e t  a l .  

(1977) h a s  n o t e d  t h a t  a h i g h e r  o r a l  d o s e  of sodium a r s e n a t e  

is needed to  p r o d u c e  t e r a t o g e n i c  e f f e c t s  i n  mice, when com- 

p a r e d  t o  i n t r a p e r i t o n e a l  doses. 

F e e d i n g  o f  three g e n e r a t i o n s  of nice w i t h  l o w  doses 

o f  sodium arseni te  i n  t h e  chow f a i l e d  t o  p r o d u c e  t e r a t o g e n i c  

e f f e c t s ,  b u t  d i d  decrease l i t t e r  s i z e  (Schroeder and L l i t c h -  

e n e r ,  1971). 

D, O t h e r  R e p r o d u c t i v e  Effects  

P e r t i n e n t  i n f o r m a t i o n  c o u l d  not be located i n  t h e  

a v a i l a b l e  l i t e r a t u r e  r e g a r d i n g  o the r  r e p r o d u c t i v e  e f f e c t s .  

E. C h r o n i c  T o x i c i t y  

A v a r i e t y  o f  c h r o n i c  e f f e c t s  of a r sen ic  , exposure  

h a s  been noted .  T h i s  i n c l u d e s  a c h a r a c t e r i s t i c  pa lmar -  
4 
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p l a n t a r  h y p e r k e r a t o s i s  and a g a n g r e n o u s  c o n d i t i o n  o f  t h e  

h a n d s  and f e e t  cal led B l a c k f o o t  d i s e a s e  (U.S. EPA, 1 9 7 9 ) .  

S e v e r a l  c l i n i c a l  r e p o r t s  o f  l i v e r  damage i n  p a t i e n t s  t r e a t e d  

w i t h  a r s e n i c a l  m e d i c a t i o n  have  been  p u b l i s h e d  (WHO, 1 9 7 9 ) .  

An i n c r e a s e d  m o r t a l i t y  f rom c a r d i o v a s c u l a r  d i s e a s e  h a s  been  

n o t e d  i n  t w o  e p i d e m i o l o g i c a l  s t u d i e s  o f  smelter w o r k e r s  ex-  

p o s e d  t:, h i g h  a i r b o r n e  a rsen ic  (Lee and  F r a u m e n i ,  1969 ;  U.S. 

EPA , 1979  ) . N e u r o l o g i c a l  d i s t u r b a n c e s ,  i n c l u d i n g  h e a r i n g  

loss , i n  w o r k e r s  e x p o s e d  to  arsenicals  h a v e  been  reported 

(WHO, 1 9 7 9 ) .  
\ 

E f f e c t s  o f  a r s e n i c a l s  on the h e m a t o p o i e t i c  s y s t e m  

f o l l o w i n g  c h r o n i c  e x p o s u r e  h a v e  also been n o t e d  (WHO, 1 9 7 9 ) .  

T h e s e  i n c l u d e  d i s t u r b e d  erythropoiesis and g r a n u l o c y t o p e n i a ,  

which may lead t o  impaired r e s i s t a n c e  to  v i r a l  i n f e c t i o n s .  

V. AQUATIC TOXICITY 

A. A c u t e  T o x i c i t y  

Seven  s t a t i c  and s e v e n  f l o w - t h r o u g h  b i o a s s a y s  f rom 

4 8  t o  96-hour s  i n  d u r a t i o n  p r o v i d e  a r a n g e  of L C s 0  va lues  

f o r  f r e s h w a t e r '  f i s h  of 290 t o  150 ,000  u g / l .  Hughes and  D a v i s  

( 1 9 6 7 )  d e m o n s t r a t e d  t h e  most s e n s i t i v e  species as b e i n g  b l u e -  

g i l l  f i n g e r l i n g s ,  Lepomis m a c r o c h i r u s ,  w h i l e  S o r e n s o n  ( 1 9 7 6 )  

r e p o r t s  t h a t  t h e  most r e s i s t a n t  species w a s  t h e  g r e e n  sun-  

f i s h ,  Lepomis c y a n e l l u s .  Both s p e c i e s  were t e s t e d  i n  s t a t i c  

t e s t s .  S a n d e r s  and  Cope ( 1 3 6 6 )  p r o v i d e d  t h e  d a t a  f o r  f r e s h -  

water i n v e r t e b r a t e s  i n  s t a t i c  b i o a s s a y s .  The c l a d o c e r a n ,  

S i m o c e p h a l u s  s e r r u l a t u s ,  w a s  the most s e n s i t i v e  w i t h  an 48- 

h o u r  L C s o  va lue  of 812 uq/1, w h i l e  t h e  s t o n e f l y ,  P t a r o n -  
. 

- a rcvs  c a l i f o r n i c a ,  was t h e  most r e s i s t a n t  s p e c i e s  with an  



LC50 v a l u e  o f  2 2 r 0 4 0  uq/ l ,  I n  m a r i n e  o r q a n i s m s ,  t h e  chun 

sa lmon ,  Onchorhvnchus  k e t a ,  had a 48-hour  f low- th rough  LC50 

v a l u e  o f  8 , 3 3 1  p q / l  ( A l d e r d i c e  and  Bre t t ,  1 9 5 7 ) .  Two m a r i n e  

' i n v e r t e b r a t e s  were tes ted i n  96 o r  4 8 - h o u r  s t a t i c - r e n e w a l  oc 

s t a t i c  assays  and p roduced  the f o l l o w i n g  LC50 values:  bay 

sca l lop ,  Aruopec ten  i r r a d i a n a ,  w i t h  3 ,490  uq / l :  and.- t h e  ea- 

bryos of t h e  American o y s t e r r  Crassostrea v i r g i n i c a ,  w i t h  a 

v a l u e  of 4,330 u q / l .  4 

B, C h r o n i c  T o x i c i t y  

One c h r o n i c  l i f e  cycle f r e s h w a t e r  t e s t  h a s  p r o v i d e d  

a c h r o n i c  v a l u e  of 853 uq/l f o r  a r s e n i c  t o  Daphnia  mauna. 

P e r t i n e n t  data c o u l d  n o t  be located i n  t h e  a v a i l a b l e  l i t e r a -  

t u r e  f o r  t h e  c h r o n i c  t o x i c i t y  o f  a r s e n i c  t o  m a r i n e  o r g a n i s m s .  

C, P l a n t  E f f e c t s  

The lowest e f f e c t i v e  c o n c e n t r a t i o n  r e c o r d e d  was 100 

p e r c e n t  k i l l  l e v e l s  o f  2,320 uq/1 for f o u r  species of f r e s h -  

water a l g a e .  

D.  R e s i d u e s  

R i o c o n c e n t r a t i o n  f a c t o r s  f o r  f i v e  f r e s h w a t e r  i n v e t -  

t e b r a t e  species and t w o  f i s h  species ranged  from less  t h a n  1 

t o  1 7  ( U . S .  EPA, 1 9 7 9 ) .  

V I .  EXISTIPIG GUIDELINES AND STANDARDS 

A. Hunan 

C r i t e r i a  f o r  o r g a n i c  and i n o r g a n i c  a r s e n i c a l s  have  

been de r ' i ved .  However, d u e  to  p u b l i c  comment q u e s t i o n i n g  t h e  

r e l e v a n c y  and a c c u r a c y  of t h e  s t u d i e s  used  i n  t h e  deve lopmen t  

of t h e s e  c r i t e r i a ,  f u r t h e r  r e v i e w  is n e c e s s a r y  b e f o r e  f i n a l  

r e c o n p e n d a t i o n .  



The OSHA tine-weighted average exposure criterion 

for arsenic is 10 K a / m 3 .  

B. Aquatic 

For arsenic, the draft criterion for freshwater or- 

aanisms is 57 pg/l ,  not to exceed 130 pg/ l .  F o r  marine or- 

ganisms, the draft criterion is 29 ug/l, not to excee;! 67 

ug/1 (U.S. EPA,1979). 
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DISCLAIMER 

T h i s  r e p o r t  r e p r e s e n t s  a survey of t h e  p o t e n t i a l  h e a l t h  
and environmental hazards from exposure  t o  the s u b j e c t  chemi- 
.tal. The  i n f o r m a t i o n  c o n t a i n e d  i n  t h e  r e p o r t  i s  drawn c h i e f l y  
from secondary  s o u r c e s  and avai lable  r e f e r e n c e  documents.  
Because of t h e  l i m i t a t i o n s  of s u c h  s o u r c e s ,  t h i s  s h o r t  p r o f i l e  
may n o t  r e f l e c t  a l l  avai lable  i n f o r m a t i o n  i n c l u d i n g  a l l  t h e  
adverse h e a l t h  and e n v i r o n m e n t a l  imgac t s  p r e s e n t e d  by t h e  
s u b j e c t  chemical. T h i s  documer,t has undergone s c r u t i n y  t o  
e n s u r e  i t s  t e c h n i c a l  a c c u r a c y . .  

12 ',Z 
d- . . 
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SPECIAL NOTATION 

-. - -- 
U . S .  EPA's Carcinogen Assessment Group (CAG) has evaluated 

asbestos and has found sufficient evidence to indicate that 

this compound is carcincgenic. 

000138 



ASaESTr3S 

Summary 

Numerous studies ind ica t e  that  asbestos  fibers introduced i n t o  t h e  

pleura, peritoneum, and trachea o f  mdents have induced malignant t m o r s .  

The s t ronges t  evidence f o r  the  carcinogenici ty  of ingested asbes tos  is  pro- 

vided by epidemiology of human populations occupationally exposed t o  high 

concentrat ions of a i rborne asbestos  dust .  Inha la t ion  exposure t o  asbes tos  

d u s t  is accompanied by ingest ion because a hi* percentage of  the inhaled . 
. - 4  

fibers are removed from. the  lung by mucociliary ac t ion  and subsequently 

swallowed. 'Per i toneal  mesothelioma, of ten  i n  g rea t  excess,  and modest ex- 

cesses of stomach esophagus, co lonrec ta l ,  and kidney cancer have been l inked  

t o  occupational exposure t o  asbestos.  

Per t inent  data on the acute  o r  chronic effects of asbes tos  t o  aqua t i c  

organisms were not  found i n  the available literature. 

, i .:. 
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ASBESTOS 

I. INTRODUCTION 

T h i s  p r o f i l e  is based p r imar i ly  upon t h e  Ambient Water Q u a l i t y  C r i t e r i a  

Document f o r  Asbestos (U.S. EPA, 1979). I n  a d d i t i o n ,  valuable  information 

i s  a v a i l a b l e  from r e c e n t  reviews by the I n t e r n a t i o n a l  Agency for Research on 

Cancer ( I A R C ,  1977) and t h e  Nat ional  I n s t i t u t e  f o r  Occupational Safety and 

Kealth ( N I O S H ,  1977).  

Asbestos is a broad term app l i ed  t o  numerous f i b r o u s  mineral  si l icates 

composed o f  s i l i c o n ,  oxygen, hydrogen, and metal c a t i o n s  such as sodium, 
. - .  

magnesium, cal'cium, or i ron.  There are two major groups o f  a sbes tos ,  ser- 

pen t ine  ( c h r y s o t i l e  or "white asbestos")  and amphibole. Although c h r y s o t i l e  

is considered t o  be a d i s t i n c t  mineral ,  there are five f ib rous  amphiboles: 

a c t i n o l i t e ,  amosite ("brown asbes tos" ) ,  an thophy l l i t e ,  c r o c i d o l i t e  ("blue 

asbestos" 1, and t r emol i t e .  The chemical composition o f  d i f f e r e n t  a sbes tos  

fibers varies wide ly ,  and t y p i c a l  formulas are presented i n  Table 1. Some 

typical physical  p r o p e r t i e s  o f  three d i f f e r e n t  mineral  forms of  a soes tos  are 

presented i n  Table 2. 

TABLE 1 

TYPICAL FORMULAS FOR.ASBESTOS F I B S S  

1. Serpen t ines  

2. Amphiboles 

I. * , . . .  . 



TABLE 2 .  

TYPICAL' PHYSICAL ?ROPERTIES OF CHRYSOTILE (WHITE AsaESTOS), 
CROCIDOLITE (ELUE ASESTOS) , AND AMOSITE 

Units  Chrysot i le  Croc idol i te  Amosite 
(white asbes tos)  (b lue  asbes tos)  

Approximate 
dime ter of  micron 
smallest fibers 

Specific 
grav i ty  

Average 
t e n s i l e  

0.01 

2.55 

lb .  / inch2 3.5 x 105 

0.08 0.1 

3.37 3.45 

5 x 105 

I 

1.75 x 105 
s t rength  

Modulus of lb./inch2 23.5 x 106 27.0 x 106 23.5 x 106 
elast ic i ty  

Asbestos minerals,  despite a relatively high fusion temperature, are 

completely decomposed a t  temperatures of  l,OOO°C. Both t h e  dehydroxyla- 

t i o n  temperature and decomposition temperature increase  with increased M@ 

content among t h e  var ious amphibole species (Speil and Leineweber, 1969). 

The s o l u b i l i t y  product constants  f o r  various c h r y s o t i l e  fibers range 

Most materials have a negat ive su r face  from 1.0 x t o  3 x 10-l'. 

charge i n  aqueous systems. However, since chryso t i l e  has a pos i t i ve  

charge, it w i l l  a t tract ,  o r  be attracted t o ,  most dispersed mater ia l s .  

highly reactive sur face  of asbestos  causes many sur face  reac t ions  whicb 

intermediate between sirr,ple absorption and a t r u e  chemical react ion.  

absorption of various mater ia l s  on the surface of ch ryso t i l e  supports  

premise t h a t  the  polar  surface of ch ryso t i l e  has a g rea t e r  a f f i n i t y  

polar  molecules (e.g. ,  Y2D, NH3) than for  non-polar molecules (Soe i l  

Leineweher, 1969). 
< 
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Of a l l  t h e  a sbes tos  minerals ,  c h r y s o t i A  is t h e  most s u s c e p t i b l e  t o  

I t  is almost completely destroyed within one hour i n  1 N HCL acid attack. 

a t  95OC. Amphibole f ibers are much more r e s i s t a n t  t o  mineral  a c i d s  

( L i n d e l l ,  1972). 

The r e s i s t a n c e  o f  t h e  a sbes tos  fibers t o  attack by r eagen t s  o t h e r  than 

a c i d  is e x c e l l e n t  up t o  temperatures  of  approximately 100°C wi th  r ap id  

d e t e r i o r a t i a n  observed a t  higher  temperatures.  Chrysotile is completely de- 

composed i n  concentrated KOH a t  20OoC. In  gene ra l ,  organic  acids have a , ~ 

tendency t o  react slowly wi th  c h r y s o t i l e  ( S p e i l  a d  Lsineweber, 1969). 

, C h r y s o t i l e  is t h e  major type of a sbes tos  used i n  t h e  manufacture of  as- 

bes tos  products.  These products i nc lude  a sbes tos  cement p ipe ,  f l o o r i n g  pro- 

duc t s ,  paper products  (e.g. ,  padding),  f r i c t i o n  materials (e.g., b r a k e  l i n -  

i n g s  and clutch f a c i n g s ) ,  m o f i n g  products,  and coa t ing  and patching com- 

pounds. I n  1975, t h e  t o t a l  consumption o f  a sbes tos  i n  t h e  U.S. was 550,900 

thousand metric tons  (U.S. €PA, 1979). 

O f  the 243,527 inetiic t o n s  o f  a sbes tos  discharged t o  t h e  environment, 

98.3 percent  was discharged t o  land,  1.5 percent  t o  a i r ,  and 0.2 percent  t o  

water (U.S. EPA, 1979). S o l i d  waste d i s p o s a l  by c ~ n s u m e r s  was t h e  s i n g l e  

l a r g e s t  c o n t r i b u t i o n  t o  t o t a l  discharges.  Although no process  water is  used 

i n  dry mining c.f a sbes tos  ore, there is t h e  p o t e n t i a l  for  runoff from asbes- 

tos  waste t a i l i r r g s ,  wet mining, and i r o n  o r e  mining. Mining ope ra t ions  can 

a l s o  c o n t r i b u t e  s u b s t a n t i a l l y  t o  a sbes tos  c o n c e n t i a t i o n s  i n  water by a i r  and 

s o l i d  waste contamination. I n  a d d i t i o n  t o  mining and i n d u s t r i a l  discharges 

of a sbes tos ,  a sbes tos  fibers , which are believed t o  be the r e s u l t  of  rock 

outcroppings,  are found i n  r i v e r s  and streams. 

/ a - 7  



A .  Water 

AsSestos ,s commonly found i n  dam-stic wat suppl ies .  O f  775 re- 

cent  samoles analyzed by e lec t ron  microscopy under the  auspices  of t he  U.S. 

€PA, 50 percent showed detectable levels of  asbestos ,  usual ly  of  t he  chryso- 

t i l e  variety (Millette, 1979). Nicholson and Pundsack (1973) measured aver- 

age asbestos  l e v e l s  of 0.3 - 1.5 y g / l  i n  dr inking water from two Eastern 

United States r i v e r  systems. Levels o f  2.0 t o  172.7 x lo6 f i b e r d l  have . 

been reported i n  Canadian tap water, the highes't levels being found i n  un- 

f i l tered tap water near a mining area (Cunningham and Pontefract ,  1971). In 

o the r  s tud ie s  of Canadian dr inking water levels o f  0.1 t o  4 x lo6 fibers11 

- have been reported (Kay, 1973). The U.S. €PA (1979) has concluded that 

about 95 percent of water consumers i n  t h e  United States are exposed t o  as- 

besros  fiber concentrat ions of less than lo6 f iberd l .  The mass concw- 

t i a t i o n s  of  ch ryso t i l e  asbestos  i n  t h e  water of c i t ies  with less than LO6 

f i b e r d l  are Likely t o  be less than 0.01 p g / l ,  corresponding t o  an a d u l t  

d a i l y  in take  of  less than 0.02 ug. Per t inent  data on t h e  a b i l i t y  of aqua t i c  

organisms t o  bioconcentrate asSestos from water were not located i n  t n e  

available l i t e r a t u r e .  . 

8.  Food 

There are scant  data on the  cont r ibu t ion  of food products t o  popu- 

l a t i o n  asbestos  exposure. However, asbestos  fibers and talc,  which some- 

times contains  asbestos  as an impurity,  may be used i n  t h e  manufacture o f  

c e r t a i n  processed foods such as sugar ,  coated rice, vegetaole o i l  and lard 

( IARC,  1977). Cunningham and Pontefract  (1971) reported tha t  c e r t a i n  Seers 

and wines could contain asbestos  fibers a t  levels similar t o  those found i n  

drinking water systems [IO6 t o  10 7 fibersll). 



t r a t i o n s  o f  a sbes tos  i n  urban atmosphere are usua l ly  less t h a  10 ng/m', 

b u t  may reach 190 ng/m3 (Nicholson, e t  a l .  1971; Nicholson anc k n d e s a c k ,  

1973; Sebas t i en ,  e t  a l .  1976; IARC, 1977). Construction sites and bu i ld ings  

f i r ep roofed  wi th  l oose  a sbes tos  material showed t h e  most s i g n i f i c a n t  contam- 

i n a t i o n  wi th  i n d i v i d u a l  measurements as high as  800 ng/m3 (Nizholson, e t  

a l .  1975). -. 
111. PHARMACOKINETICS 

T h e r e  are con t r ad ic to ry  data concerning whether i n g e s t e c  a sbes tos  

fibers are capable of passage a c r o s s  t h e  g a s t r o i n t e s t i n a l  mucosa {Gross, e t  

a l .  1974; Cooper and Cooper, 1978; Cunningham and Pon te f r ac t ,  1973; 

Cunningham, e t  a l .  1977). Most ingested asbes tos  p a r t i c l e s  are exzreted i n  

t h e  feces (Cunningham, e t  a l .  1976). Huwever, a t  least  one r e c e n t  s tudy  

(Cook and Olson, 1979) i n d i c a t e s  that i n g e s t i o n  of dr inking water ccn ta in ing  

amphibole fibers may r e s u l t  i n  t h e  appearance of these fiaers i n  t k  u r i n e ,  

t hus  providing evidence f o r  passage of  a sbes tos  a c r o s s  the human gas t ro -  

i n t e s t i n a l  t ract .  

I n g e s t i o n  of  a sbes tos  fibers is accompanied 'by  swallowing cf many 

Mol'e than f ibers cleared fmm t h e  r e s p i r a t o r y  tract by mucociliary ac t ion .  

h a l f  t h e  a sbes tos  inhaled w i l l  l i k e l y  be swallowed (U.S. €PA, 1979). The 

depos i t i on  of a sbes tos  fibers i n  the lung is a funct ion of their diameter 

rather than l eng th ,  as about 50 pe rcen t  o f  p a r t i c l e s  w i t h  a mass median dia- 

meter of less than 0.1 um w i l l  be deposi ted on n o n c i l i a t e d  pulmonary sur- 

faces. Deposit ion on n a s a l  and pharyngeal s u r f a c e s  oecomes i m p o r t a t  a s  

mass median diameter approaches 1 pm and rises rap id ly  t o  Seccme the domi- 

nant depos i t i on  s i te  f o r  a i rbo rne  p a r t i c l e s  10 um i n  diameter o r  c r p a t e r  

a 
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(Erain and Volberg, 1974). Port ions of  inhaled asbestos fibers which are 

not cleared by microciliary action may remain trapped i n  the lung fo r  de- 

cades (Pooley, 1973; Langer, 1973). However, the cClrysotile cmtent of t h e  

lung does not  bui ld  up as significantly as that of the amphiboles for simi- 

l a r  exposure circumstances (Wagner, e t  a l .  1974). 

I V .  EFFECTS 

A. Carcinogenicity 

A l l  commercial forms of asbestos have demonstrated carcinogenic . -, 

activity i n  mice, rats,  hamsters, and raboits. 'Intraperitoneal injection o f  

various asbestos fibers has produced mesotheliomas i n  ra ts  and mice (Maltoni 

and Annoscia, 1974 ; P o t t  and Friedrichs , 1972 ; P o t t ,  e t  a l .  1976). 

chronic inhalation of  various types of asbestos have produced 

In ra ts  , 
carcino- 

mas and mesotheliomas (Reeves, e t  al. 1971, 1974; Gross, e t  a l .  1967; 

Wagner, e t  al. 1974; Davis, e t  al .  1978). Intrapleural injection of asbes- 

t o s  fibers has produced mesotheliomas i n  rats, hamsters, and rabbits (Donna, 

1970; Reeves, e t  al. 1971; Stanton and Wrench, 1972; Stanton, 1973; Wagner, 

e t  al. 1973, 1977; Smith and Hubert, 1974). The o r a l  administiaticn of as- 

bestos f i l t e r  material reportedly caused malignancies i n  ra t s  (Gibel, e t  a l .  

1976) although other feeding studies have produced equivocal resu l t s .  

Occupational exposure . t o  chrysotile, amosite, anthophyllito, and 

mixed fibers containing crocidolite has resulted i n  h igh  incidenczs of  human 

lung cancers (Selikoff, e t  al .  1979; Seidrnan, e t  al .  1979; Enterline and 

Henderson, 1973; Henderson and Enterline, 1979; IARC, 1977). Occuoational 

exposure t o  cmcidolite, amsi te ,  and chrysotile have also been associated 

with a large incidence of pleural and peritoneal mesatheliomas. An excess 

of gastrointestinal cancers has been associated i n  some studies w i t h  expo- 

sure t o  amosite, chrysotile, or mixed fibers containing crocidolite (Sel i  

. .  
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kof f ,  1976; S e l i k o f f ,  e t  a l .  1979; Elmes -and Simpson, 1971; Yenderson ard 

E n t e r l i n e ,  1979; Nicholson, e t  a l .  1979; Seidman, e t  a l .  1979; Newhouse and 

e e r r y ,  1979; McDonald and L i d d e l l ,  1979; Kogan, e t  a l .  1972). 

' I n  t h e  g e n e r a l  enviromnent , mesotheliomas have occurred i n  persons  

l i v i n g .  nea r  a sbes tos  f a c t o r i e s  and c r o c i d o l i t e  mines and i n  t h e  household 

c o n t a c t s  o f  a s b e s t o s  workers (Wagner, e t  a l .  1960; Newhouse and Thomson, . 

.1965). In  a d d i t i o n ,  s e v e r a l  s t u d i e s  have impl ica ted  a s b e s t o s  i n  -dr inking  - 

water wi th  the development o f  cancer  of the lung and d i g e s t i v e  tract cance r s  . 

(Mason, e t  a l .  1974; Levy, e t  a l .  1976; Cooper," e t  a l .  1978, 1979). There 

is  convincing evidence t o  suppor t  t h e  con ten t ion  t h a t  a s b e s t o s  exposure and 

c i g a r e t t e  smoking act s y n e r g i s t i c a l l y  t o  produce dramatic i n c r e a s e s  i n  lung . .  

cancer  ove r  that from exposure t o  either agent  a lone  ( S e l i k o f f ,  e t  a l .  1968; 

S e r r y ,  e t  a l .  1972). 

In a s tudy  by Hammond., e t  a l .  (1979) involv ing  17,800 i n s u l a t i o n  

workers, t h e  death rate f o r  non-smokers was 5.17 times t h a t  of a non-smoking 

c o n t r o l  popula t ion .  The death rate was 53.24 t imes  t h a t  of the ncn-smoking. 

c o n t r o l  popula t ion  o r  4.90 t imes  t h e  death rate f o r  a comparable group of 

non-exposed smokers. Cancers o f  t h e  l a rynx ,  pharynx and buccal c a v i t y  i n  

i n s u l a t o r s  were a l s o  found t o  be a s s o c i a t e d  with c i g a r e t t e  smoking, t q e t h e r  

wi th  some non-malignant a sbes tos  effects such as  f i b r o s i s  and deaths due t o  

asbestosis. 

B. Mutagenicity . 
I n  c u l t u r e d  Chinese hamster cel ls ,  c h r y s o t i l e  and c r o c i d o l i t e  have 

produced g e n e t i c  damage and morphologic t ransformat ion  ( Sinccck ana 

Seabr igh t ,  1975; Sincock, 1977). On the o t h z r  hand, c h r y s o t i l e ,  q n o s i t e ,  

and a n t h o p h y l l i t e  showed no mutagenic a c t i v i t y  toward tester s t r a i n s  o f  E- 
- c o l i  o r  L tychincrium (C3arnberlsin snd Tamy, 1977). 



C. Teratogenici ty  

Pe r t inen t  da ta  on t h e  poss ib le  te ra togenic  effects -of asbestos  were 

not  located i n  the avai lab le  l i t e r a t u r e ,  although t ransplacenta l  passage of 

asbestos  fibers has been =ported (Cunningham and Pontefract ,  1971, 1973). 

0. Other Reproductive Effects 

It is not known whether asbestos  exposure may impair f e r t i l i t y  or 

i n t e r f e r e  with =productive success (U.S. €PA, 1979). 

E. Chronic Toxicity . c I  

The chronic inges t ion  of chrysotile by'erats (0.5 mg or 50 mg d d l y  

f o r  14 months) produced no effects on the esophagus, stomach, or cecum tis- 

sue,  but  h i s to log ica l  changes were seen i n  the  ileum, p a r t i c u l a r l y  o f  t h e  

v i l l i  (Jacobs, e t  al. 1978). 

The long-term disease e n t i t y ,  a sbes tos i s ,  results from the inhala- 

t i o n  of asbestos  fibers and is a chronic,  progressive pneumoconiosis. I t  is 

characterized by f ib ros i s  of  t h e  lung parenchyma and produces shortness  of  

breath as the primary symptom. Asbestos has accounted f o r  numerous cases of 

occupational disablement during l i fe  a s  well as a considerable  number of  

deaths among worker groups. In  groups exposed a t  lower c o n c e n t n t i o n s  such 

as the families of workers, there is less incapac i ta t ion  and although asbes- 

tosis can occur,  deaths have not been reported (Anderson, e t  a l .  1976). 

Extrapulmonary chronic effects reported include "asbestos corns" 

No chronic nonmalig- fmm the penet ra t ion  o f  asbestos fibers i n t o  the  skin. 

nant g a s t r o i n t e s t i n a l  e f f e c t s  have been reported.  

V. AQJATIC TOXICITY 

Per t inent  data concerning t h e  effects of  asbes tos  t o  either. fresh- 

water o r  marine organisms were not located i n  the  ava i l ab le  l i t e r a t u r e .  

-. . i .. 
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V I .  EXISTING GUIDELINES AND STANDARDS . 

e Neither the human h e a l t h  nor t h e  a q u a t i c  cr i ter ia  derived by U.S. EPA 

(1979),  whicn are s m a r i z e d  below, have gone through t h e  piocess  o f  pu'slic 

review; t h e r e f o r e ,  there is  a p o s s i b i l i t y  t h a t  these c r i t e r i a  w i l l  be 

changed. 

A. Wman 

The c u r r e n t  Occupational Sa fe ty  and Health Administration (OSHA) 

s tandard f o r  an 8-hour time-weighted average (TWA) occupat ional  exposure t o  

a sbes tos  i s  2 fibers longer  than 5 microns i n  l eng th  per  mi l l i l i t e r  o f  a i r  
-r 

Peak exposures . o f  up t o  10 f /ml  are permitted 

f o r  no more. zhan 10 minutes (Fed. Reg., 1972). This standard has been i n  

effect s i n c e  & l y  I, 1976, when i t  replaced 'an earlier one o f  5 f / n l  ( T W A ) .  

Great B r i t a i n  3150 has a value o f  2 f /ml  as t h e  accepted l e v e l ,  below which 

no c o n t m l s  , a r e  required (aOHS, 1968). ' The B r i t i s h  s tandard,  i n  f a c t ,  

served as a guide f o r  the OSHA s tandard (NIOSH, 1972). 

The Sr i t i sh  s tandard was developed s p e c i f i c a l l y  t o  prevent asbes- 

t o s i s  mong working populat ions;  data were f e l t  t o  be lacking tha t  would 

allow f o r  determinat ion of  a s tandard f o r  cancer (BOHS, Unfor- 

t u n a t e l y ,  among occupat ional  groups, cancer is the  primary cause of excess 

death f o r  workers (see "Carcinogenicity" s e c t i o n )  witn th ree - fcu r ths  o r  more 

of  asbestos-relaced deaths caused from malignancy. This f a c t  has led OSHA 

t o  propose a love r  TWA s tandard of  0.5 f/ml (500,000 f / m 3 )  (Fed. Reg., 

1968). 

1975). The Nat icnal  I n s t i t u t e  f o r  Occupational Safety and Health (N.IOSH) , 
i n  their  cr i ter ia  document f o r  t h e  hear ings on a new s t anda rd ,  have proposed 

a value o f  0.1 f/ml (NIDSH, 1977).  In the  d i scuss ion  of  t h e  N I O S i  propcsal ,  

it was s ta ted t h a t  t h e  value was selected on t h e  b a s i s  o f  t h e  s e n s i t i v i t y  of 

a n a l y t i c a l  , t echn iques  using o p t i c a l  microscopy and tha t  0.1 f /ml  may not 

I .  



sarlly p ro tec t  aga ins t  cancer. Recognition that  no inforna t ion  exists t h a t  

would def ine  a threshold f o r  asbestos  carcinogenesis  was a l s o  contained i n  

t h e  preamble of t h e  OSHA proposal. The ex i s t ing  standard i n  Gieat B r i t a i n  

has been questioned by Peto (19781, who estimates t h a t  asbestos  disease may 

cause t h e  death of  10 percent o f  workers exposed a t  2 f/ml f o r  a working I 
lifetime. 

The ex i s t ing  federal standard f o r  asbestos  emissions i n t o  the en- 

virunment p roh ib i t s  "v i s ib l e  emissions" (U.S. €PA, 1975). No numerical -. 
,' . value was specified because of ' d i f f i c u l t y  i n  monitoring ambient a i r  asbes tos  

concentrat ions i n  the ambient a i r  o r  i n  s tack  emissions. Some l o c a l  govern- 

ment agencies,  however, may have numerical s tandards ( t .g . ,  N e w  York, 27 
3 ng/m 1. 

No standards for asbestos  i n  foods o r  beverages e x i s t  even though I 
the use of  f i l t r a t i o n  of  such products through asbestos  f i l ters has been a 

cornon practice i n  pas t  years. Asbestos f i l t r a t i o n ,  however, i s  prohibi ted 

or  limited f o r  human drugs (U.S. FDA, 1976). , 

The d r a f t  recomnended water qua l i t y  c r i t e r i o n  f o r  asbestos  par- 

t ic les  (U.S. €PA, 1979) is derived f r o m  the s u b s t a n t i a l  data which e x i s t s  
I 

f o r  the increased. incidence of per i tonea l  mesothelioma and g a s t r o i n t e s t i n a l  

t ract  cancer i n  humans exposed occupationally t o  asbestos .  T h i s  de r iva t ion  

assumes tha t  much o r  a l l  of t h i s  increased disease incidence is  caused by . . . 

fibers ingested following clearance from the resp i ra tory  tract. Several 

s tud ie s  allow the assoc ia t ion  of approximate airborne f ibe r  concent ra t ions  

t o  which ind iv idua ls  were exposed with observed excess per i tonea l  and gas- 

t r o i n t e s t i n a l  cancer. A l l  of the inhaled asbes tos  is assumed t o  be even- 

t u a l l y  cleared from the resp i ra tory  tract  and ingested.  

. .  . . .. -0- 



The d r a f t  c r i t e r i o n  c a l c u l a t e d  t o .  keep t h e  i n d i v i d u a l  lifetime can- 

The corres-  cer r i s k  below lo", ' is 300,000 f ibers  of  a l l '  s i z e s / l i t e r .  

ponding mass concen t r a t ion  . f o r  c h r y s o t i l e  a s b e s t o s  i s  approximately 0.05 

ug/ l .  

t h e r e f o r e ,  t h e r e  is  a p o s s i b i l i t y  t h a t  the  c r i t e r i o n  may be changed. 

This c r i t e r i c n  has not  yet gone through t h e  process  o f  pub l i c  review; 

8. Aquatic 

Because no data are a v e l a b l e  on t h e  a q u a t i c  t o x i c i t y  of a sbes tos ,  

the U.S. EPA (1979) der ived no a q u a t i c  criteria. .1 
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DISCLAIMER 

T h i s  r e p o r t  r e p r e s e n t s  a s u r v e y  of t h e  p o t e n t i a l  h e a l t h  
and env i ronmen ta l  h a z a r d s  from exposure  t o  t h e  s u b j e c t  chemi- 
ca l .  The i n f o r m a t i o n  c o n t a i n e d  i n  t h e  r e p o r t  is drawn c h i e f l y  
from secondary  s o u r c e s  and ava i lab le  r e f e r e n c e  documents. 
Because of t h e  l i m i t a t i o n s  of such  sources, t h i s  sho r t  p r o f i l e  
may n o t  r e f l e c t  a l l .  ava i l ab le  i n f o r m a t i o n  i n c l u d i n g  all t h e  
adverse h e a l t h  and env i ronmen ta l  impac t s  p r e s e n t e d  by t h e  
s u b j e c t  chemical. T h i s  document h a s  undergone s c r u t i n y  to  
e n s u r e  i ts  t e c h n i c a l  accu racy .  
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3ARIUM 

SUMMARY 

Water-soluble barium compounds are highly t o x i c  t o  man. f i s h  and lower 

s p e c i e s  of marine organisms have been shown t o  bioaccumulate bar ium. 

c e n t r a t i o n  of barium i n  sea water ranges around 20 ug/L, while  that of dr inking  

water averages about  6 ug/L. 

The con- 

Soluble  barium salts have a high a c u t e  t o x i c i t y .  Small amounts of barium 

B a r i u m  salts a r e  s t r o n g  can accumulate in t h e  s k e l e t o n  of humans and animdls. 

muscle s t imulants :  a c u t e  i n t o x i c a t i o n  g e n e r a l l y  r e s u l t s  i n  uncontrol led 

c o n t r a c t i o n s  followed by p a r t i a l  o r  c o w l e r e  p a r a l y s i s .  

inc luding  ar ry tbmias  can a l s o  occur. 

t h r o a t  and eyes.  B a r i t o s i s  (pneumoconiosis) occurs  fol lowing chronic  

i n h a l a t i o n  of ( f i n e )  barium dus ts .  Bar ium sulfate used in barium enemas, 

swallows and ar t i f ic ia l  or thopedic  bones can r e s u l t  i n  t i s s u e  injury fol lowing 

s o l u b i l i z a t i o n  of t h e  barium s u l f a t e  and/or s o l u b l e  i m p u r i t i e s .  

acts as an a n t a g o n i s t  f o r  bayium induced c e l l u l a r  d i s turbances .  

f o r  exposure t o  s o l u b l e  barium compounds is 0.5 mg/m . 

Cardiac d is turbances  

B a r i u m  d u s t s  are i r r i t a n t  t o  nose, 

Potassium 

The T[JA 
3 

I. I I T R O D U C T I O N  

Barium (Ba; atomic weight 137.34) is a yel lowish-white  metal of t h e  a l k a l i n e  

e a r t h  group. 

B a r i u m  has a melt ing p o i n t  of 729OC and a b o i l i n g  p o i n t  of 164OOC; its d e n s i t y  

i s  3.51 g/cm3 ( m e s h  1978).  

It is r e l a t i v e l y  s o f t  and d u c t i l e  and may be worked r e a d i l y .  

B a r i u m  c h a r a c t e r i s t i c a l l y  fonns d i v a l e n t  compounds. A t  room temperature,  

it combines r e a d i l y  and exothermical ly  with oxygen and t h e  halogens.  

vigorously w i t h  water t o  form bar iun  hydroxide, Ba(OHI2 (Kunesh 1978). 

a forn of B a a 3 ,  both of which are highly i n s o l u b l e  salcs. 
mined i n  t h i s  country (Kirkpat r ick  1978). 

It reacts 

Barium occurs  in nature c h i e f l y  as bar i te ,  crude IiaSO,,, and as w i t h e r i t e ,  

Only b a r i t e  i s  

A review of t h e  product ion range ( inc ludes  importat ion)  s ta t i s t ics  f o r  

are l i s t e d  i n  t h e  initial TSCA Inventory,  barium (CAS. so. 7440-39-3) which 

(U.S. EPA 1979) has shown t h a t  between 100,000 and 900,000 pounds or' t h i s  

chemical were producedlimported i n  1977*. 

*This product ion range i n f o m a t i o n  does not include any product ion/ ixpor ta t ion  
d a t a  claimed. dS c o n f i d e i l t i d  by t h e  psrson(s) reportin;; for t h e  TSCA inventory,  
nor does i t  inc lude  any i a f o r a t i o n  which would com?romise Conf ident ia l  Eusiness 
Information.  The d a t a  submitted f o r  tho, TSCA Inventory,  includ-hg production 
'range information, are s u b j e c t  t o  t h e  l i z i = a t l o n s  contained i n  t h e  Inventory 
Reporting Regulations (40 CFB 710).  



C. Environmental Occurrence 

The flow of barium in t he  United S t a t e s  has be& t r aced - fo r  the  year 1969, 

during vhich time consumption of barium t o t a l e d  1.81 b i l l i o n  pounds. It w a s  

est imated t h a t  30.8 mi l l i on  pounds of barium were emitted t o  the  annosphere. 

Nearly 18 percent of t h e  emissions r e su l t ed  from t h e  processing of b a r i t e ,  more 

than 28 percent  from chemical production, 26 p e r c e n t  from the  combustion of 

coa l ,  and 23 percent from t h e  manufacture of -miscellaneous.  end products 

(U.S. EPA 1972). 

The concentrat ion of barium in sea water is genera l ly  a c c e p t e d a s  about 

20 ug/L, w i t h  lower concentrat ions in t h e  surface w a t e r s  than a t  greater depths.  

B a r i u m  ions are general ly  removed from so lu t ion  q u i t e  rap id ly  by adsorpt ion,  

sedimentation and p r e c i p i t a t i o n  (U.S. EPA 1973). Concentrations of b a r i n  in 

tNs country's dr inking  w a t e r  suppl ies  genera l ly  range from less than 0.6 ug/L 

t o  about 10 ug/L, although a few midwestern and western states have had upper 

limits of 100 t o  300 ug/L (U.S. EPA 1976). 

Due to the  compon use of b a r i t e  as a weighting agent  in drilling muds, 

the resultant contamination of sediments near d r u i n g  sites w a s  s tudied.  The 

average content  of barium in benth ic  sediments from the  Southern California Bight 

w a s  637 p a r t s  p e r  million (ppn), with a range from 43 t o  1899 ppm. This area 

includes active driJJ.ing sites where barium contamination is expected. The 

concentrat ion values  w e r e  compared w i t h  the average 879 ppm barium found in 

mainland intertidal sediments and the 388 ppm determined i n ' t h e  channel i s l and  

intertidal sediments. The lower barium content  of t h e  i s l and  sediments was 

a t t r i b u t e d  t o  the  volcanic  soil of the i s l ands ;  however, t he  higher barium 

concentrat ion of t h e  nabland a u l d  not be t raced t o  e i t h e r  natural or a n d u o -  

pogeaic origin. 
barium concentrat ions dete-ed elsewhere could be used as re ference  values  f o r  

t h i s  study (Chow 1978). 

Due t o  v a r i a t i o n s  in soil sources i t  is quest ionable  whether 

In two s tud ie s  co r re l a t ing  trace m e t a l  concentrat ions in the environment 

w i t h  t h a t  in sca lp  hair of the  inhabi tan ts ,  barium w a s  measured in the house 

dust co l l ec t ed  in four comrmtnities. Geometric mean values  of barium determined 

in house dust  samples from t he  New York City area were as follows: 

dus t  in Riverhead, 137.6 ug/g in Queens, and 312.4 ug/g in the  B r o n x  (USEPA, 1978b). 

The geometric mean value f o r  barium measured in house dus t  i n  Ridgewood, New 

Je r sey  was 330.0 ug/g (U.S. EP-4 1 9 7 8 ~ ) .  

65.2 ug Ba/g 

- ! -  
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Barium and its compounds are used i n d u s t r i a l l y  as weighting agents  in 

o i l  and gas  w e l l  d r i l l i n g  muds; as color ing  agents  in g l a s s ,  ceramics, p a i n t ,  

and pigments; as f i l l e r  in rubber;  and as an t i smokhg agents  i n  d i e s e l  

I f u e l  (U.S. EPA 1972; XAPCB 1969). I n  medicine, barium s u l f a t e  is used as 

an  x-ray c o n t r a s t  m e d i u m  because of i ts  extreme i n s o l u b i l i t y  and i t s  a b i l i t y  t o  

absorb x-rays (Kirkpat r ick  1978; U.S. EPA 1978a). 

11. EXPOSURE 

A. Environmental F a t e  

Due t o  t h e  h igh  r e a c t i v i t y  of barium, i t  is n o t  found in its elemental  

s ta te  i n  t h e  environment. In sea water, t h e  n a t u r a l l y  p r e s e n t  sulfate and 

carbonate  tend t o  p r e c i ? i t a t e  any water-soluble barium components. Thus, t h e  

sediment usua l ly  has a l e g h e r  concent ra t ion  of barium than its corresponding 
water source  (Guthrie 1979). . 

B. Bioconcentrat ion 

Due t o  the t o x i c i t y  of s o l u b l e  barium salts t o  man, t h e  bioaccumulation 

of t h e  element has been a concern. Bar ium can be concentrated i n  g o l d f i s h  by 

a f a c t o r  of 150. Concentration f a c t o r s  f o r  barium l i s t e d  i n  one s tudy are 
17,000 in phytoplankton, 900 i n  zooplankton, and 8 i n  f i s h  muscle (U.S. EPA 1973). 

Thus, i n g e s t i o n  of f i s h  by man can be a source of barium exposure. 

Another s tudy  conducced on v a r i o u s  s p e c i e s  of marine o r g a n i s m  produced t h e  

fol lowing r e s u l t s  (Guthrie  1979) : Barnacles bioaccumulated about 

f i v e  t imes g r e a t e r  concentzat ion of barium than w a s  i n  t h e  w a t e r ,  whi le  o y s t e r s  

and clams contained concent ra t ions  of t h e  element similar t o  that p r e s e n t  in 
t h e  w a t e r .  

t o  conta in  a s i g n i f i c a n t l y  smaller q u a n t i t y  than t h a t  present  i n  t h e  sediment 

on which they dwell .  

t h e  concent ra t ion  of barium in t h e  two organisms and t h e  concent ra t ions  in 

t h e  water column. 

In man, s t u d i e s  have bzen conducted t o  determine a c o r r e l a t i o n  between barium 

Crabs and polycbaetes  w e r e  a l s o  analyzed f o r  barium and were- found 

However, no s i g n i f i c a n t  d i f f e r e n c e s  w e r e  noted between 

in the  environment, measurec as house d u s t ,  and t h e  concentrat ion of barium found 

i n  scalp h a i r  of t h e  i n h a b i t a n t s .  

determined between t h e  geometric mean concentrat ions of t h e  element in house dust  

and h a i r .  

A s i g n i f i c a n t  p o s i t i v e  cor re la t ion 'has  been 

Other covar ian ts  of s i g n i f i c a n t  value neasuted i n  t h e  s t u d i e s  were sex, 

h a i r  l ength ,  and, i n  c h i l d r e n  less than 16 years o l d ,  age (U.S. EPA 1978b; 

EPA 1 9 7 8 ~ ) .  
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111. PHARMACOKINETICS - 

Soluble  barium is re ta ined  by muscle t i s s u e  f o r  about 30 hours, a f t e r  

which the  amount of retained barium decreases slowly (NAPCX 1969). 

amounts of barium become i r r e v e r s i b l y  deposi ted i n  t h e  skeleton.  

Small 
However, 

t h e  acceptance level is l imfted,  as q u a n t i t a t i v e  a n a l y s i s  of human bone. 

reveals no accumulation of barium from b i r t h  t o  dea th . .  Barium levels 

averaged 7 ug /g  ashed bone. 

kidneys, o r  spleen, and p r a c t i c a l l y  none by t h e  bra in ,  hea r t ,  o r  hair. 
T r a n s i e n t  high concentrat ions are seen in t h e  liver wi th  lesser amounts in 

lung and sp leen  following acute experimental dosing. 

Very l i t t l e  barium is r e t a ined  by the liver, 

Bar& administered o r a l l y  o r  i n t r a p e r i t o n e a l l y  as BaC12 t o  weanling 

male rats a t  doses of 1, 5 ,  25, o r  125 mg/kg w a s  taken up rap id ly  by the  

s o f t  tissues (30 mins), showed slow uptake by t h e  ske le ton  (2 hrs) and w a s  

excreted p r h a r i l y  in the  feces  (Clary and Ta rd i f f ,  1 9 7 4 ) .  No r e t en t ion  

data w e r e  reported.  

Pulmonary clearance rates of inhaled rad ioac t ive  133Ba salts ranged from 
+I- 

s e v e r a l  hours f o r  t h e  so luble  BaC12 t o  hundreds of days f o r  B a  

clay . Large amounts of barium w e r e  excreted fn the  feces ;  a lesser a m u n r  

w a s  excreted in t h e  urine. 
133BaS04 dissolved in a simulated b io log ica l  f l u i d  v i t h i n  2-3 days, i nd lca r ing  

in fused 

Although h S 0 4  is "insoluble" in water, 50% of 

t h a t  s o l u b i l i z a t i o n  is r e l a t i v e l y  rapkd. 

IV. HEXLTHEFFEXTS 

A. Carcinogenicity 

Bronchogenic carcinoma developed in rats i n j e c t e d  with rad ioac t ive  35S 

(unspecif ied dose) Labelled barium sulfate (Pat ty  1963). 

size undefined) in j ec t ed  i n t r a p l e u r a l l y  in female an6 male mice produced a 

BaS04 powder (particle 

mesothelioma in o n l y  1 ou t  of 30 animals. 
inves t iga ted  o r  reported.  

B a r i u m  sulfate had 'an oncogenic potency similar t o  t h a t  of glass powder and 

aluminwn oxide. 

No o the r  pa thologica l  l e s i o n s  w e r e  

Sa l ine  con t ro l s  (32) resulted in no mesotheliomas. 

It  therefore  appears l i k e l y  that the observed tumor ;as due 

t o  foreign-body-oncogenesis (Wagner) 

- - - _  ~ - - - -  - -- - - - - _ _ .  - - .. - 
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B. +Acute and Chronic T o x i c i t y  

The s o l u b l e  salts of barium a r e  h ighly  t o x i c  when ingested,  Barium 

and barium carbonate,  two of t h e  s o l u b l e  compounds, have been repor ted  t o  

cause t o x i c  symptoms of  a s e v e r e  but  u s u a l l y  n o n f a t a l  degree.  

b a r i u n  c h l o r i d e  (CV4.5 g Ba) taken o r a l l y  produced s e v e r e  abdominal pa in  and 

near-collapse,  but  not d e a t h  (NAPCX 1969). However, P a t t y  (1963) i n d i c a t e s  

800 t o  goo mg of barium c h l o r i d e  (550-600 mg Ba) t o  be a f a t a l  human dose. 

Few cases of i n d u s t r i a l  poisoning from s o l u b l e  barium salts have been reported.  

Most of these  have been cases of a c c i d e n t a l  i n g e s t i o n  (NAPCA 1969). 

Seven grams of 

Ingested s o l u b l e  barium compounds produce a s t r o n g  s t i m u l a t i n g  e f f e c t  on 

all muscles of t h e  body. 

irregular c o n t r a c t i o n s  followed by arrest of s y s t o l i c  a c t i o n .  

tinal e f f e c t s  inc lude  vomiting and d ia r rhea .  

observed inc lude  v i o l e n t  t o n i c  and c l o n i c  spasms followed i n  some cases by 

p a r a l y s i s  (NAPCA 1969). 

The effect on t h e  h e a r t  muscle is manifested by 

Gastrointes-  

C e n t r a l  nervous system e f f e c t s  

Death r e s u l t i n g  from barium exposure may occur i n  a few hours or a few 

A death 

However, t h e  usua l  

days,  depending on t h e  dose and s o l u b i l i t y  of t h e  barium compound. 

a t t r i b u t e d  t o  barium oxide poisoning has  been reported.  

e f f e c t  of exposure t o  d u s t s  and fumes of barium oxide,  barium s u l f i d e ,  and 

b a r i u  carbonate  is i r r i t a t i o n  of eyes ,  nose , t h r o a t  and t h e  skin (NAPCX 1969) a 
Some of t h e  BaS04 used in orthopedic  bone cements has been shown t o  escape 

i n t o  surrounding t i s s u e s  (Rae 1977). Nouse p e r i t o n e a l  macrophages exposed t o  

bar ium s u l f a t e  (10 particles of unspec i f ied  size/=crophage) f o r  per iods  up 

t o  144 hours showed a marked c y t o p l a s d c  vacuol iza t ion .  Following c e s s a t i o n  

of exposure only p a r t i a l  recovery occurred. 

observed ( R a e  1977). 

enemas r e s u l t e d  in severe t o x i c  :affects on r u p t u r e  of t h e  i n t e s t i n a l  tract  

No ce l l  membrane damage w a s  
The u s e  of barium s u l f a t e  in barium swallows and 

/y 
n 

(Gardiner and Miller 1973, Bayer et al. 1974). 

I n h a l a t i o n  of barium compounds is known t o  cause a benign r e s p i r a t o r y  

a f f l i c t i o n  *(pneumoconiosis) c a l l e d  b a r i t o s i s ,  which has been repor ted  in 

I workers exposed t o  f i n e l y  divided barium s u l f a t e  in I t a l y ,  i n  barite miners 

i n  t h e  United S t a t e s ,  Germany, and Czechoslovakia, and among workers exposed 

t o  barium oxide.  

b r o n c h i t i s ,  and lung f u n c t i o n  tes t s  show no r e s p i r a t o r y  incapac i ty ,  a l though 

some a f f l i c t e d  workers complain of dyspnea upon e x e r t i o n .  

of cases nodulat ion d isappears  i f  exposure t o  t h e  barium compound is stopped 

General ly ,  b a r i t o s i s  produces no symptoms of emphysema o r  

I n  t h e  majori ty  

_. 

(XQCA 1969). Aspirated BaS04 can r e s u l t  i n  granulomas of ' the lung and o t h e r  

si tes i n  man ( P a t t y  1963). 

7 /3-7 
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Suic ida l  inges t ion  of a' f a c i a l  d e p i l a t o r y  containing 15.8 g of 8aS 

resulted in p a r a l y s i s  of head, neck, arms, and trunk as w e l l  as r e s p i r a t o r y  

para lys i s .  

within 24 hours ( G d d  et al. 1973). 

Therapy with %SO4, saline and potassium' r e su l t ed  in recovery 

Acute oral t o x i c i t y  va lues  f o r  bartum carbonate  were:  mouse LD a 200 mg/ 

kg; rat LD - 50-200 mg/kg, LDs0 = 1480 + 340 mg/kg; r a b b i t  LD 0 170-300 mg/kg. 
For barium ch lo r ide  o r a l  t o x i c i t y  va lues  were: 
LD = 355-533 mg/kg; r a b b i t  LD = 170 mg/kg; dog LD 1.90 mg/kg; 

f l o u r i d e  t h e  acute oral LD f o r  guinea pigs  was 350 mg/kg (NAPCA 1969). 

- 
mouse @ = 7-14 mg/kg; rat 

For. barium 

C. O t h e r  Relevant Information 

Potassium acts as an in v i t r o  an tagonis t  of barium. Cardiac e f f e c t s  

such as arrytbmias exerted by barium are a lso  reversed r ap id ly  by potassium. 

B a r i u m  induces hypokdlem+a apparent ly  by promoting a s h i f t  of potassium 

from plasma i n t o  cells. 

t i o n  of smooth and s k e l e t a l  muscle by barium are thought t o  b e  due t o  

barium induced decreases  in potassium conductance. In  addi t ion ,  barium can 

rep lace  sodium t o  produce and/or prolong a c t i o n  p o t e n t i a l s  and can a l s o  

s u b s t i t u t e  f o r  calcium in  neurosecretory processes  as  descr ibed below (Peach 1975). 

The prolongat ioa of a c t i o n - p o t e n t i a l s  and depolar iza-  

- 

B a r i u m  chlaride has been shown t o  cause arterial cont rac t ions  in 
in v i t r o  prepara t ions  of human d i g i t a l  arteries a t  concentrat ions of l o 4  t o  -- 

M (Jauernig and W d s  1978). This a c t i v i t y  vas approximately 40 t o  50 
-2 fold more than t h a t  of potassium chlor ide .  

con t r ac t ions  d k e l o p e d  very slowly. 

v e r a p a m i l ,  a calcium antagonis t ,  a t  BaC12 con t r ac t ions  below lo'* X. 

A t  B a C h  concent ra t ions  above 10 !4 

The a c t i o n  of BaC12 w a s  i nh ib i t ed  by 

... . . -  , r .-- 
I .  . , .  . . I ~  . . . . . e  .. , , . t ,  

e 
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V. AQUATIC TOXICITY 

According t o  an EPA r e p o r t ,  experimental  d a t a  i n d i c a t e  t ha t  in f r e s h  

and marine waters, t h e  s o l u b l e  barium concent ra t ion  would need t o  exceed 

50 mg/L before  t o x i c i t y  t o  a q u a t i c  l i f e  would b e  expected (U.S. EPA 1976). 
Furthermore, il mst n a t u r a l  waters, s u f f i c i e n t  s u l f a t e  o r  carbonate  is p r e s e n t  

-- . 

t o  p r e c i p i t a t e  barium in t h e  water t o  a v i r t u a l l y  inso luble ,  non-toxic 

compound. 

Soluble  bar ium salts, however, are q u i t e  t o x i c .  It has been repor ted  

that 10 t o  15 cg/L of barium c h l o r i d e  (9.9 mg/L Ba) was 

p l a n t  and two s p e c i e s  of s n a i l s  ( spec ies  and o r i g i n  unspec i f ied) .  

wi th  t h i s  same barium salt showed t h e  LCgo f o r  Coho Salmon to  b e  158 mg/L 

(104 mg/L Ba)  (U.S. EPA 1973). 

lethal t o  an a q u a t i c  

Bioassay 

VI. GUIDELINES 

A. Huoan Heali!! . 

The OSHA T h e  Weighted Average f o r  exposure t o  bar iun  ( s o l u b l e  compound) 
3 is 0.5 n g / m  

B. Aquatic 

( 2  9 CF'R 1910: 1000). 

There is no e s t a b l i s h e d  c r i t e r i o n  f o r  barium i n  t h e  a q u a t i c  environment. 

The U.S. EPA (1973) sugges ts ,  however, t h a t  concent ra t ions  of barium equal  

t o  o r  exceeding 1.0 mg/L c o n s t i t u t e  a hazard in t h e  marine environment, and 

levels less than 0.5 mg/L p r e s e n t  uiinimal risk of d e l e t e r i o u s  e f f e c t s .  

a 
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DISCLAIMER 

T h i s  r e p o r t  r e p r e s e n t s  a s u r v e y  of  t h e  p o t e n t i a l  h e a l t h  
and  e n v i r o n m e n t a l  h a z a r d s  f rom e x p s u r e  t o  t h e  s u b j e c t  chemi-  
ca l .  The i n f o r m a t i o n  c o n t a i n e d  i n  t h e  r epor t  is drawn c h i e f l y  
f rom s e c o n d a r y  s o u r c e s  and a v a i l a b l e  r e f e r e n c e  d o c m e n t s .  
Because  of t h e  l i m i t a t i o n s  of such  sources, t h i s  s h o r t  p r o f i l e  
may n o t  r e f l e c t  a l l  a v a i l a b l e  i n f o r m z t i o n  i n c l u d i n g  a i l  t h e  
a d v e r s e  hea l th  and e n v i r o n m e n t a l  im;acts p r e s e n t e d  by t h e  
s u b j e c t  chemical. T h i s  document has undergone  s c r u t i n y  t o  
e n s u r e  i t s  t e c h n i c a l  accxracy. 
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EENZAL CHLCRIDE 

Sumnary 

Bema1 chloride has been reported t o  induce papillomas, carcinomas, and 

leukemia i n  mice. Details of this work were not available for  assessment. 

Mutagenic effects of benral chloride exposure have been reported i n  

Salmonella, eacil lus,  and E. coli. 

There is  no available information on the teratogenic (31: adverse repro- 
. -, 

ductive effects of the compound. 



I. INTROCUCTION 

e e n z a l  c h l o r i d e ,  .CAS r e g i s t r y  number 98-87-3, is a fumiiig, h i s h l y  re- 

f r a c t i v e ,  c o l o r l e s s  l i q u i d .  It is made by free radical c h l o r i n a t i o n  of 

to lbene  and has t h e  fo l lowing  physical  and .  chemical p r o p e r t i e s  (Windholz, 

1976; Verschueren, 1977) : 

Formula : 
Molecular Weight: 
Melt ing Po in t :  
B o i l i n g  Po in t :  
Densi ty:  
Vapor P res su re :  
S o l u b i l i t y :  

.. 

c?6c12 
161.03 
-163C . 

207% 
1. 25614 
0.3 torr Q 20°C 
a l c o h o l ,  ether 
i n s o l u b l e  i n  water 

Benzal c h l o r i d e  is used almost e x c l u s i v e l y  f o r  the manufacture  o f  ben- 

I t  can also be used t o  p repa re  cinnamic acid and benzoyl  ch lo r -  zaldehyde. 

ide ( S i d i ,  1971). 

11. EXPOSURE 

A. Water 

Benzal c h l o r i d e  is conver ted  t o  benzaldehyde and hydroch lo r i c  acid 

on c o n t a c t  w i th  water ( S i d i ,  1971). 

8 .  Food 

P e r t i n e n t  data could  n o t  be l o c a t e d  i n  t h e  a v a i l a b l e  l i t e r e t u r e .  

C. I n h a l a t i o n  

I t  is l i k e l y  t h a t  t h e  only  sou rce  o f  benza l  chloride i n  t h e  a i r  is  

product ion  fac i l i t i es .  The compound w i l l  hydro lyze  i n  moi s t  a i r  t o  g i v e  

benzaldehyde and hydroch lo r i c  acid. Inha led  benza l  c h l o r i d e  w i l l  probably 

produce effects similar t o  t h o s e  o f  i n h a l e d  hydrogen c h l o r i d e .  

0 .  Dermal 

Benzal chicride is i r r i t a t i n g  t o  t h e  s k i n  ( S i d i ,  197i). 

-. 
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111. PHARMACOKINETICS 

Pe r t inen t  da ta  on t he  pharmacokinetics of benzal ch lo r ide  could not  be 

located i n  t h e  ava i l ab le  literature. 

I V .  EFFECTS . 

A. Carcinogenicity 

I n  a study of Matsoshito, e t  al. benzal ch lo r ide ,  along ' 

wi th  several o the r  compounds, was found t o  induce carcinomas, leukemia, and 
-. papillomas in mice. The details  of the  study were no t  available, but  benzal 

ch lo r ide  was shown t o  possess  a longer  la tency  per iod than benzot r ich lor ide  

. 

before the onse t  o f  harmful effects. 

8. Mutagenicity 

Yasuo, e t  a l .  (1978) tested the mutagenicity of  several compounds 

including benzal ch lo r ide  i n  microbial  assay systems which inc luae  t h e  rec- 

assay using eacillus scbti l is ,  t h e  reversion assay using E. c o l i ,  and the  

Ames assay using Salmonella tvohimurium, w i t h  o r  without metabolic ac t iva-  

t ion .  Benzal ch lo r ide  was p o s i t i v e  i n  the  rec-assay without a c t i v a t i o n  and 

i n  the reversion assays using & tvohimurium and E.. coli wi th  metabolic 

ac t iva t ion .  

C. Tera togenic i ty ,  Other Reproductive Ef fec t s  and Chronic Toxici ty  
Pe r t inen t  data could not  be loca ted  i n  the  available lit- ora ture .  

D. Acute Toxici ty  

The o r a l  LD50ts f o r  mice and rats exposed t o  benzal ch lor ide  are 

2,462 mg/kg and 3,249 mg/kg, respec t ive ly  ( N I O S H ,  1978). 

V.  AQUATIC T O X I C I N  

Pe r t inen t  aaua t i c  t o x i c i t y  data could not  be loca ted  i n  the ava i l ab le  

l i t e r a t u r e .  



V I .  EXISTING GUIDELINES AND STANDAROS 

There are no e x i s t i n g  g u i d e l i n e s  o r  scandards  f o r  exposure t o  benza l  

c h l o r i d e .  
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DISCLAIMER 

T h i s  report r e p r e s e n t s  a survey  of the p o t e n t i a l  health 
and environmental  haza rds  from exposure t o  the s u b j e c t  chemi- 
cal .  The in fo rma t ion  con ta ined  i n  t h e  r e p o r t  is drawn c h i e f l y  
from secondary sources  and available r e f e r e n c e  documents. 
Because of the  l i m i t a t i o n s  of such  s o u r c e s ,  t h i s  s h o r t  p r o f i l e  
may n o t  r e f l e c t  a l l  a v a i l a b l e  informat ion  inc lud ing  a l l  t he  
adve r se  health and envi ronmenta l  impacts  p re sen ted  by t h e  
subject  chemical . T h i s  document h a s  undergone s c r u t i n y  t o  
ensu re  its t e c h n i c a l  accuracy.  
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SPECIAL NOTATION 

U . S .  EPA's Carcinogen Assessment Group (CAG) has evaluated 

benzene and has found sufficient evidence to indicate that 

t h i s  compound is carcinogenic. 

. .  . . ,. :. . .  
I ,. . A. ~~~, .. , .. . . ,  
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BENZENE. 

Summary 

Benzene is a widely used chemical. Chronic exposure t o  it causes 

hematological abnoxmalities. Benzene is Mt nutagenic t o  ' bacteria, but 

recent evidence shows. it t o  be carcinogenic i n  animals. Also, benzene has 

been shown t o  be leukemogenic i n  humans. There is suggestive evidence that 

benzene may be teratogenic and may cause reduced fe r t i l i t y .  

Benzene has been shown t o  be acutely toxic  Yo aquatic organisms over a 

concentration range of 5,800 t o  495,000 pg/l. 

was the most sens i t ive  species tested. 

The marine f i s h  s t r iped  b a s s  

. .  00017'7 
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BENZENE 

I. INfROOUCTION 

This profi le  is based on t h e  d ra f t  Ambient Water Qua l i ty  Criteria Oocu- 

ment f o r  Benzene (US. P A ,  1979). 

Benzene (Eenzol C&; molecular weight 78.1) is a volatile, color- 

less, l i q u i d  hydrocarbon produced p r i n c i p a l l y  from 'coal tar d i s t i l l a t i o n ,  

Prom petroleum by catalytic reforming of l ight  naphthas, and i n  c o a l  pro- 

cessing and c o a l  coking operations (Weast, 1972; Ayers and Muder, 1964; U.S. 

P A ,  197Q). Benzene has a bo i l ing  po in t  o f  .BO.l%, a melting p o i n t  of 

5.5OC, a water s o l u b i l i t y  of 1,780 mg/l a t  25%, and a dens i ty  of  

0.87865 g/ml a t  20%. The broad u t i l i t y  spectnrm of benzene includes its 

use as: an intermediate f o r  syn thes i s  i n  the chemical and phannaceutical 

i ndus t r i e s ,  a thinner  f o r  lacquer, a degreasing and cleaning agent,  a sol- 

vent i n  the rubber industry,  an antiknock f u e l  additive,  a general  solvent  

i n  l a b o r a t o r i e s  and i n  the preparat ion and use o f  inks i n  the graphic  ar ts  

indus t r i e s .  

1 

Current production of benzene i n  t he  U.S. is over 4 mi l l i on  metric tons  

annually,  and its use is expected to  increase when add i t iona l  production 

facil i t ies become ava i l ab le  (Fick, 1976). 

11. G(p0SuRE 

A. Water 

A r epor t  by the  National Cancer I n s t i t u t e  (1977) noted benzene 

l e v e l s  of 0.1 t o  0.3 ppb in four  US. city drinking water suppl ies .  One 

measurement from a groundwater well i n  Jacksonvi l le ,  F lo r ida  showed levels 

higher than 100 ppb. One possible soufie o f  benzene i n  the aqua t i c  envimn- 
merit is from cycl ings between the atmosphere and water (U.S. €PA, . 1976b). 

Concentrations of benzene upstream and downstream f r o m  five benzene 

- - .  - - -  . _ -  . -  
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production o r  consumption p lan ts  ranged from less than 1.0 t o  13.0 ppb, with e 
an average of 4.0 ppb (U.S. €PA, 1977a). 

8 .  Food 

Benzene has been detected i n  various food categories:  f r u i t s ,  

nuts, vegetables, d a i r y  products, meat, f i s h ,  poultry,  eggs, and several  

beverages (Natl. Cancer Inst., 1977). NCI estimated that an individual 

might ingest as much as 250 Ug/day f rom these foods. The U.S. P A  (1979) 

has estimated the weighted average bioconcentration fac tor  of benzene for  .. 
the edible portion o f  fish and s h e l l f i s h  consurkd by h e r i c a n s  t o  be 6.9. 

This estimate is based on the octanoUwater pa r t i t i on  ccef f ic ien t  of  benzene. 

C. Inhalation 

The respiratory route 1s t h e  major source o f  hum= exposure t o  ben- 

zene, and much of this exposure is by way o f  gasoline vapors and autanotive 

emissions. Pnrerican gasolines contain an average o f  0.8 percent benzene (by 

weight) (Goldstein, 1977a1, and automotive exhausts contain an average of 4 

percent benzene (by weight) (Howard and Ourkin, 1974). Concentrations c f  

benzene in the ambient a i r  of gas stations have been found t o  be 0.3 t o  2.4 

ppm (Natl .  Acad. Scifiatl. Res. Council, 1977). Lonneman and coworkers 

, 1 1 1  . . .  
I. . . I 

(1968) measured an average concentration o f  0.015 ppm i n  Los Angeles a i r  

w i t h  a maximum o f  0.057 ppm. The rural background leve l  for  benzene has 

been reported as 0.017 ppb (Cleland and Kingsbury, 1977). 

111. PHARMCOKINETICS 

A. Absorption 

The respiratory absorption o f  benzene by humans has been measured 

several  times and found to  be 40 t o  50 percent retained on exposures t o  110 

ppm or less (Srbova, e t  a l .  1950; Teisinger, a t  a l .  1952; Hunter and Bla i r ,  

1972; Nomiyama and Nmiyama, 1974). Absorption was s l i g h t l y  less e f f i c i e n t ,  

000279 



L8 t o  3b percent,  on exposure t o  6,000 ppm (Duvoir, e t  al. 1946). 

Deichnann, e t  a l .  (1963) demonstrated that rats exposed t o  benzene (41 t o  47 

ppm) f o r  long periods of time maintained blood benzene levels of approxi- 

mately 4.25 mg/l. 

8.  Dis t r ibu t ion  

Free benzene accumulates in l i p i d  tissue such as f a t  and bone 

m a r r o w ,  and benzene metabolites acclarmlate i n  l i v e r  t i s s u e  and bone marrow 

(U.S. P A ,  1977b). 

C. 

. .  

duce the 

e t a b o l i s m  

Benzene is metabolized by the  mixed-function oxidase system to  pro- 

highly r eac t ive  arene oxide (Rusch, e t  a l .  1977). Arene oxide can 

spontaneously rearrange t o  form phenol, undergo enzymatic hydration followed 

by dehydrogenation t o  form catechol or a g lu t a th ione  d e r i v a t i v e ,  o r  bind 

covalent ly  w i t h  cellular macremolecules. Evidence has accumulated t h a t  a 

metabolite of benzene is responsible f o r  benzene t o x i c i t y ,  i n  l i g h t  of the 

fact t h a t  a protect ion from benzene t o x i c i t y  is afforded by i n h i b i t o r s  of 

benzene metabolism (Nomiyama, 1964; Andrews, e t  a l .  1977). The specific 

metabol i te  that produces benzene t o x i c i t y  has  not  yet been i d e n t i f i e d ,  but 

l i k e l y  candidates  are benzene oxide, catechol ,  and hydroquinone, o r  the cor- 

responding semiquinones (U.S. €PA, 1977b). 

0. Excretion 

Phenol measurement (free p l u s  combined) of  the u r ine  of human vol- 

unteers  indicated that 50 t o  87 percent  of the re t a ined  benzene was excreted 

as phenol (Hunter and Blair, 1972). The h ighes t  concentrat ion of  phenol was 

found i n  the u r ine  within about 3 hours from t e n i n a t i o n  of  exposure. 

Elimination v i a  the lungs was no more than 12 percent  of the  retained 'dose. . 



IV.  EFFECTS 

A. Carcinogenicity 

On subcutaneous, demal, oral, and inhalation exposure of rats and 

mice t o  benzene, animal experiments have failed t o  support the view that 

benzene is leukemogenic (U.S. €PA, 1979). Recent evidence suggests, how- 

ever, that benzene is an animal carcinogen (Maltoni and Scarnato, 1979). 

The evidence that benzene is a leukemogen fo r  man is convincing and has re- 

cently been reviewed by the Natl. Acad. Sci./Natl. Res. Coun. (19761, Natl. 

Inst .  Occup. Safety and Health (19771, and U.S:' €PA (1977b). Vigliani and 

Saita (1964) calculated a 20-fold hfgher r i s k  of acute leukemia i n  workers 

in northern -I ta ly  exposed to  benzene. In some studies of acute leukemia 

w h e r e  benzene exposure levels have been reported, the concentrations have 

~ 

generally been above 100 ppm (Aksoy, e t  al. 1972, 1974a,b, 1976a,b; Vigliani 

and F o u n i ,  1976; Vigliani and Saita, 1964; Kinoshita, e t  al. 1965; Sellyei 

and Kelemen, 1971). However, other studies have shown an association of  

leukemic evidence to benzene levels less than 100 ppm (Infante e t  a l . ,  1977; 

O t t  e t  al.,  1978). 

8. Wtagenicity 

eenzene has not ' shown mutagenic activity i n  the 

Salmonella/micmsome i n  v i  tm bioassay (Lyon, 1975; Shahin, 1977; Simon, e t  

al. 1977). 

. C. Teratogenicity 

W i t h  rats exposed t o  100 to  2,200 ppm benzene during days 6 t o  15 

of gestation sane skeletal defonnities were observed i n  their offspring 

( h e r .  Pet. Inst., 1978). Pregnant mice given single subcutaneous injec- 

t i ons  of benzene (3  mllkg) on days 11 to 15 of  gestation produced .fetuses . 

J - 



r a w i t h  c lef t  palates ,  agnathia, and microagnathia, when delivered by ca, Osarean 

section on day 19 (Watanabe and Yashida, 1970). 

0. Other Reproductive Effects  

Gofmekler (1968) found complete absence of pregnancy i n  female r a t s  

exposed continuously t o  209.7 ppm benzene fo r  10 t o  15 days pr ior  t o  impreg- 

nation. One of ten rats exposed t o  19.8 ppm exhibited resorption of em- 

bryos. The number of offspring per female exhibited an inverse relat ionship 

t o  benzene exposure leve ls  from 0.3 t o  209.7 ppm. 

E. Chronic Toxicity \ 

In humans, pancytopenia (reduction of blood erythrocytes,  leuko- 

cytes, and p l a t e l e t s )  has clearly been related t o  chronic benzene exposure 

(Browning, 1965; Goldstein, 1977b; In t l .  Labour Off., 1968; Snyder and 

Kocsis, 1975). Also, impairment of the inmunological system has been re- 

ported with chronic benzene exposure (Lange, e t  al .  1973a; Smolik, e t  a l .  

1373). Wolf, e t  al. (1956) reported that the no-effect  level for  blood 

changes i n  r a t s ,  guinea pigs, and rabbi t s  was below 88 ppm i n  the a i r  when 

the animals were exposed fo r  7 hours per day for up t o  269 days. 

F. Other Relevant Information 

In rabbi ts  and rats injected subcutaneously with 0.2 mg/kg/day ben- 

zene, the frequency of bone m a r m w  mitosis with chromosomal aberrations in- 

creased from 5.9 percent t o  57.8 percent a f t e r  an average of 18 weeks 

(Kissling and Speck, 1971; Dobrokhotov, 1972). In pa t ien ts  with benzene 

induced aplastic anemia, lymphocyte chromosome damage, i.e., abnormal 

karyo-type and delet ion of chromosomal material, has been found ( P o l l h i  and 

Colombi, 1964). 
b 

. .. . . . . . . . .. .. -. -. . . . . ~ . . . - . . . .  
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V. AQUATIC TOXICITY 

A. Acute 

Acute tox ic i ty  values for  freshwater f i s h  a re  represented by 

96-hour s ta t ic  LC50 values of 20,000 t o  22,490 pg/1 fo r  the b luegi l l ,  

Leoomis macrochims, t o  386,000 pg / l  for  the mosquitofish, Gambusia a f f i n i s ,  

w i t h  goldfish,  Carassius auratus,  fathead minnows, Pimephales promelas, and 

guppies, Poeci l ia  r e t i cu la t iu s ,  being scmewhat more resistant than the blue- 

g i l l  (U.S. P A ,  1979). Only one s tudy  w a s  ava i lab le  for  the  acute effects _. 
o f  benzene t o  freshwater invertebrates.  A -our static LC9 value of 

203,000 pg/1 was obtained fo r  the cladoceran Daphnia maqna. LCx values 

fo r  marine f i s h  were reported as 5,800 and 10,900 ug/ l  fo r  s t r iped  bass, 

- Momne s a x a t i l i s ,  and 20,000 t o  25,000 pg/l f o r  Pacific herring, CluDea 

p a l l a s i ,  and anchovy, Enqraulis mordax, larvae. Marine invertebrates  were 

much more r e s i s t an t  wi th  LC3 values of 27,000, 108,000, and 450,000 pg/ l  

reported f o r  grass shrimp, Palaemonetes puqio, dungeness crab, Cancer 

maaister, and the copepod, Tiqricoous ca l i fomicus ,  respectively (U.S. EPA, 

1979). 

-_  

8. Chronic Toxicity 

The only chronic tox ic i ty  test  conducted on an aquatic species was 

performed on the freshwater cladoceran, Daphnia maqna. There were no ob- 

served effects t o  these organisms a t  concentrations as high a s  98,000 pg/l .  

Pert inent  information of  the chronic e f f e c t s  o f  benzene on marine f i s h  and 

invertebrates  could not be located i n  the available l i t e r a t u r e .  

C. ' Plant E f f e c t s  

A concentration o f  525,000 Pg / l  was responsible fo r  a SO percent 

reduction in cel l  numbers a t  48-hours f o r  the freshwater algae,  Chlorella 

vulqaris ,  while marine p lan ts  were reported as having growth inh ib i t ion  a t  

000282 
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concentrat ions ranging from 20,000 t o  .100,000 ,ug/l f o r  t h e  diatom, 

Skeletonema costatum, with the  d i n o f l a g e l l a t e ,  Amohidinium carterae, and the 

algae,  Cricosohaera c a r t e r a e ,  being intermediate  i n  s e n s i t i v i t y  with effec- 

tive concentrat ions of  50,000 Dg/1. 

0. Residues 

A bioconcentration f a c t o r  of  24 w a s  obtained f o r  organisms with a 

l i p i d  content  of 8 percent. 

V I .  EXISTING GUIDELINES AND STANOAROS 

Neither the human health nor aqua t i c  criteria derived by U.S. €PA 
(1979) which are swrmarized below have gone through the process of  pub l i c  

review; therefore ,  there is a p o s s i b i l i t y  t h a t  these cri teria w i l l  be  

changed. 

. 

A. Human 

Exist ing a i r  s tandards f o r  occupational exposure t o  benzene include 

10 -6pm, an emergency temporary l e v e l  of 1 ppm by the U S .  Occupational 

Safety and Health Administration (Natl. In s t .  Occup. Safety Health, 1974, 

19771, and 25 ppm by the American Conference of Governmental I n d u s t r i a l  

Hygienists (ACGIH, 1971). Based on human epidemiology data, and using a 

modified I'one-hit" model, the €?A (1979) has estimated levels of benzene i n  

ambient water which w i l l  r e s u l t  i n  specified r i s k  l e v e l s  of hman cancer:  
0 

. _. - Exoosure Assumotions 
(per aay 1 

0 

0 

- 
2 liters of drinking water 
and consumotion of  18.7 

Risk Levels and Corresoondinq Draft C r i t e r i a  

- 10-6 - 10-5 

0.15 p g / l  1.5 pg/1 15 p g / l  
~ -~ 

grams f i s h '  and shel l f ish.  

Consumption of f i s h  and 
s h e l l f i s h  only. 

0 2.5 fig/1 2s p g / l  250 )Jg/1 

t -  
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8 .  Aquatic 

C r i t e r i o n  f o r  t he  p ro tec t ion  o f  freshwater organisms have been 

drafted a t  3,100 pg / l  as a 24-hour average Concentration not t o  exceed 7,000 

Pg/l. For marine organisms c r i t e r i o n  have been drafted as a 2 4 - h o ~ i  average 

concentrat ion o f  920 pg/1 not t o  exceed 2,100 pg/l.. 

D 
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DISCLAIMER 

T h i s  r e p o r t  r e p r e s e n t s  a su rvey  of the  p o t e n t i a l  health 
and environmental  haza rds  from exposure t o  t h e  s u b j e c t  chemi- 
cal .  The i n f o m a t i o n  con ta ined  i n  t he  report is drawn c h i e f l y  
from secondary  s o u r c e s  and available r e f e r e n c e  documents. 
Because of the  l i m i t a t i o n s  of such s o u r c e s ,  t h i s  short p r o f i l e  
may n o t  r e f l e c t  a l l  avai lable  informat ion  inc lud ing  a l l  t h e  
adve r se  h e a l t h  and envi ronmenta l  impacts  p re sen ted  by t h e  
s u b j e c t  chemical. T h i s  document has undergone s c r u t i n y  t o  
ensu re  its t e c h n i c a l  acalracy. 

. . .  . " . . .  . 
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SPECIAL NOTATION 

7 

U.S. EPA's Carcinogen Assessment Group (CAG) has  e v a l u a t e d  

benzidine and has  found sufficient evidence to indicate t h a t  

this compound is carcinogenic 

. .  . .  ~. 

~ . * .  
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BEN Z ID INE 

Summary 

Benzidine is a known carcinogen and has Seen linked to an in- 

creased incidence of bladder cancer in humans and to cancers and 

tumors in experimental animals. Benzidine is mutagenic in the Ames 

assay and gives positive results in a test measuring DNA synthesis 

inhibition in iieLa cells. -* 

Pertinent data could not be located in.the available litera- 

to aquatic organ- ture concerning the toxic effects of benzidine 

isms. 

i 
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BEN Z ID I NE 

I. INTRODUCTION 

Benzidine (4,4 ' -diaminobiphenyl) is an aromatic amine with 

a molecular weight of 184.24. It exists at environmental tempera- 

ture as a grayish-yellow, white, or reddish-gray crystalline 

powder. Its melting point is 128OC, and its boiling point is 

40OoC. Benzidine's amino groups have pKa values of 4.66 and 

3.57 (Weast, 1972). Two,and one-half litess of cold water will 

dissolve 1 g of benzidine, and its solubility increases as water 

7 

temperatures rise. Dissolution into organic solvents greatly 
... 

increases solubility. Benzidine is easily converted to and from 

its salt. Diazotization reactions involving benzidine will result 

in colored compounds which are used as dyes in industry (U.S. 

EPA, 1979). 

11. EXPOSURE 

A. Water . 

Residential water supplies could be contaminated with 

benzidine and its derivatives if the industrial effluent contain- 

ing these chemicals were discharged into water supplies, however, 

to date U.S. EPA (1979) finds no reports of such contamination. 

B. Food 

While. food may become contaminated with benzidine due to 

poor industrial hygiene, U.S. EPA (1979) reports that the ingestion 

of contaminated food is not a real contribution to benzidine toxi- 

city. 

. .  . .  . .  -_  
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The U.S. EPA (1979) has estimated a weighted average 

bioconcentration factor (BCF) of 50 for benzidine, on octanol/water 

partition coefficients and other factors. 

C. Inhalation 

Due to poor industrial hygiene and the use of open sys- 

tems in the early days of the chemical and dye industries, inhala-' 

tion was formerly a principal route of entry for benzidine and its . 

derivatives into the body. At present workers wear respirators and 

protective clothing to avoid exposure when cleaning equipment 
. 9  

.. 

(Haley, 1975). 

._ . 
D. Dermal 

Skin absorption is the most important route for entry of 

benzidine into the body. Intact skin is easily penetrated by the 

powdery benzidine base and is penetrated less readily by 3,3 '-di- 

methoxybenzidine and 3,3'-dichlorobenzidine. High environmental 

air temperatures and humidity increase skin absorption of benzi- 

dine, 3,3'-dimethoxybenzidine, 3,3'-dichlorobenzidine, and 3,3'- 

dimethylbenzidine ( U . S .  EPA, 1979). 

111. PHARMACOKINETICS 

A. Absorption and Distribution 

Benzidine is rapidly absorbed into the bodies of intra- 

veneously injected rats, with maximum concentrations of free 

and bound benzidine occurring at two and three hours, respectively. 

The highest concentration of benzidine was found in the blood 

followed by the liver, kidney, spleen, heart, and lung (Soloimskaya, 

1968) . Four hours after rats received intraperitoneal injecbions 

of 100 mg benzidine/kg, high concentrations of the compound were 

found in the stomach, stomach contents, and small intestine; 
. .  

000135 
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12 hours after administration, benzidine was found in the small 

intestine and its contents, Benzidine levels in the liver, the 

target organ for toxicity in the rat, remained relatively high 

and constant throughout the 12-hour period. The conjugated material, 

indicative of the presence of metabolites, was high in urine 

and tissues at 12 hours (Baker and Deighton, 1953). In rats 

given. 20 mg of 3,3'-dimethylbenzidine subcutaneously once a week 

. for eight weeks, amines were concentrated in the Zymbal's gland, 

followed by the kidney, omentum, spleen, end liver (Pliss and 
. - .  

Zabezhinsky, 1970). 

B. Metabolism and Excretion 

The urine of humans exposed to benzidine contained a num- 

ber of metabolites: N-hydroxyacetylamino benzidine, 3-hydroxyben- 

zidine, 4-amino-4-oxybipheny1, and mono- and diacetylbenzidine 

(Engelbertz and Babel, 1953; Troll, et al. 1963; Sciarini and 

Meigs, 1961; Vigliani and Barsotti, 1962) . Benzidine metabolites 

in other species generally differ considerably from those in 

.- 

humans, although 3-hydroxybenzidine and its conjugation products 

are common to both animals and humans (Haley, 1975). 

The half-life of. benzidine in blood was 68 hours for  

the rat and 88 hours for the dog. Rats, dogs, and monkeys ex- 

creted 97, 96, and 83 percent, respectively, within one week 

of an 0.2 mg/kg dose of benzidine. The respective excretion 

rates for 3,3'-dichlorobenzidine were 98, 97, 88.5 percent. 

Dogs and monkeys excreted free benzidine in the urine and dichloro- 

benzidine in the bile while rats excreted both compounds via 

the bile (Kellner, et al. 1973). 

b 

. . .  . . .  
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Workers exposed to benzidine, who perspire freely and 

have wet skin, contain a higher concentration of benzidine in the 

urine (U.S. ZPA,  i379). 

IV. EFFECTS 

A. Carcinogenicity 

Benzidine is 'a proven human carcinogen. Its primary site 

of tumor induction is the urinary bladder (U.S. EPA, 1979). 

Workers exposed to benzidine have a carcinogenicity risk 

14 times higher than that of the unexposed population (Case, et al. 

1954). The incidence of bladder tumors in humans resulting from 

. -v 

occupational exposures to aromatic amines (benzidine) was first re- 

searched in Germany in 1895. In the United States, the first cases 

of this condition were diagnosed in 1931 and reported in 1934. 

A number of studies document the high incidence of blad- 

der tumors in workers exposed to benzidine and other aromatic 

amines (Gehrman, 1936; Case, et al. 1954; Scott, 1952; Deichmann 

and Gerarde, 1969; Hamblin, 1963; Rye, et al. 1970; Int. Agency 

Res. Cancer, 1972; Riches, 1972; Sax, 1975; Zavon, et al. 1973; 

Mancuso and El-Attar, 1966, 1967; Kuzelova, et al. 1969; Billiard- 

Duchesne, 1960; Vigliani and Barsotti, 1962; Forni, et al. 1972; 

Tsuchiya, et al. 1975; Goldwater, et al. 1965). Initial ex2osure 

concentration, exposure duration, and years of survival following 

exposure as well as work habits and personal hygiene are involved 

in the development of carcinomas where benzidine appears to be im- 

plicated (Rye, et al. 1970). 

Benzidine has also produced carcinogenic effects or 

tumors in the mouse (hepatoma, lymphoma), the rat (hepatoma, 

. .  
'" ' .  I .  

. *  .. : . , 

. 
A 
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carcinoma of the Zymbal's gland, adenocarcinoma, sarcoma, mammary 

gland carcinoma), the hamster (hepatoma, liver carcinoma, chol- 

angioma), the rabbit (bladder tumor, gall bladder tumor) and 

the dog (bladder tumor) (Haley, 1975). 

At present, there is no evidence indicating that 3,3'-di- 

methylbenzidine, 3,3'-dimethoxybenzidine, or 3,3'-dichlorobenzi- 

dine are human bladder carcinogens (Rye, et al. 1370). 

B. Mutagenicity 
3 

In the Ames test, benzidine is muaagenic to Salmonella 

typhimurium strains TAl537, TA1538, and TA98. Benzidine produces 

positive results in a DNA synthesis inhibition test using HeLa 

cells (Ames, et al. 1973; McCann, et al. 1975; Garner, et al. 1975; 

- _  _ _  

- U.S.  EPA, 1978; U . S .  EPA, 1979). 

C. Teratogenicity 

No teratogenic effects of benzidine have been reported in 

Mammary gland tumors and lung adenomas occurred in progeny humans. 

of female mice that received 8 to 10 mg of 3,3'-dimethylbenzidine 

in the last week of pregnancy. The tumors may have resulted from 

transplacental transmission of the chemical or from its transfer to 

neonates in milk from dosed mothers (Golub, et al. 1974). 

3. Other Reprodutive Effects 

Pertinent data could not be located in the available 

literature. 

E. Chronic Toxicity 

Glomerulonephritis and nephrotic syndrome were produced 

in Sprague-Dawley rats fed 0.043 percent N,N'-diacetylbenzidirre, a 

metabolite of benzidine, for at least two months (Harman, et al. 

1952; Harman, 1971). Glomerulonephritis also developed in rats fed 

a _ .  - .  
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. .  

benzidine (Christopher and Jairam, 1970), and in rats receiving in- a 
jections either 100 mg subcutaneously or 100 or 200 mg intraper- 

tioneally of N,N'-diacetylbenzidine. The severity of the lesions 

in the later study was dose-related (Bremner and Tange, 1966). 

.Mice fed 0.01 and 0.08 percent benzidine dihydrochloride 

exhibited decreased carcass, liver, and kidney weights, increased' . 

spleen and thymus weights, cloudy swelling of the liver, vacuolar 

degeneration of the renal tubules, and hyperplasia of the myeloid 

elements in the bone marrow and of the lymphoid cells in the soleen 

and thymic cortex. There was a dose dependent weight loss of 20 

. - .  
\ 

percent in males and 7 percent in females (-0, et al. 1971). 

F. Other Relevant Information 

Dermatitis, involving both benzidine and its dimethyl 

derivative, has been reported in workers in the benzidine dyestuff 

industry. Individual sensitivity played a large role in the de- 

velopment of this condition (Schwartz, et al. 1947). 

V. AQUATIC TOXICITY 

Pertinent data could not be located in the available litera- 

ture concerning the toxic effects of benzidine to aquatic organisms. 

VI. EXISTING GUIDELINES AND STANDARDS 

Both the human health and aquatic criteria derived by U.S. 

EPA (19791, which are summarized below, have not yet gone through 

the process of public review; therefore, there is a possibility 

that these criteria may be changed. 

A. Human 

The ambient water concentration standard for benzidine 

is zero, due to potential carcinogenic effects of exposure to 



i 
benzidine by ingestion of water and contaminated aquatic organisms. 

U.S. ZPA may set standards at an interim target risk level in 

the range of , , or with respective corresponding 

criteria of 1.67 x pg/l, 1.67 x and 1.67 x 10’’ pg/l. 

B. Aquatic 

Criteria for the protection of freshwater or marine 

aquatic organisms were not drafted, due to a lack of toxicological 

evidence (U.S. EPA, 1979). 
4 
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DISCLAIMER 

T h i s .  r e p o r t  r e p r e s e n t s  a s u r v e y  of t h e  p o t e n t i a l  hea l th  
and env i ronmen ta l  h a z a r d s  from exposure  t o  the s u b j e c t  chemi- 
ca l .  The in fo rma t ion  c o n t a i n e d  i n  t h e  r e p o r t  i s ' d rawn  c h i e f l y  
from secondary  s o u r c e s  and a v a i l a b l e  r e f e r e n c e  documents. 
Because of t h e  l i m i t a t i o n s  o f  s u c h .  sources, t h i s  s h o r t  p r o f i l e  
may n o t  r e f l e c t  a l l  avai lable  i n f o r x a t i o n  i n c l u d i n g  a l l  t h e  
a d v e r s e  hea l th  and e n v i r o m e n t a l  im?,acts gresented by the 
s u b j e c t  chemical. T h i s  document has andergone s c r u t i n y  t o  
e n s u r e  i t s  t e c h n i c a l  accuracy .  -- 

' .  
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SPECIAL NOTATION 

U . S .  EPA's Carcinogen Assessment Group (CAG) has evaluated 

benz(a)anthracene and has found sufficient evidence to indi- 

cate that this compound is carcinogenic. 

_. . 
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Benz ( a )  an th racene  is a member of t h e  p o l y c y c l i c  aro-  

matic hydrocarbons (PAH) class. 

c o n t a i n s  s e v e r a l  well-known p o t e n t  ca rc inogens ,  

Although the  PAH class 

benz ( a )  an- 

t h r a c e n e  d i s p l a y s  on ly  weak c a r c i n o g e n i c  a c t i v i t y .  

an th racene  a p p a r e n t l y  does n o t  d i s p l c y  remarkable acute 

o r  c h r o n i c  t o x i c i t y  o t h e r  t h a n  t h e  c t ? a b i l i t y  t o  induce 

tumors on' t h e  s k i n  of mice. 

an th racene  i n  t h e  environment o c c u r s  i n  c o n j u n c t i o n  w i t h  

exposure t o  o t h e r  PAH, it is not- knoxn how these compounds 

may i n t e r a c t  i n  human systems.  

e f f e c t s  of b e n z ( a ) a n t h r a c e n e  i n  humacs are not  known. 

B e n z ( a ) -  

. 3  

Although exposure t o  b e n z ( a ) -  

Fur tkermore ,  t h e  s p e c i f i c  

--- 
The o n l y  t o x i c i t y  d a t a  for any of t h e  p o l y c y c l i c  a ro-  

matic hydrocarbons is an 87 p e r c e n t  z a r t a l i t y  of f r e shwa te r  

f i s h  exposed to  1 ,000  pg/l b e n z ( a ) a n t h r a c e n e  f o r  s i x  months. 

. .  . .  . .. . .  
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I. INTRODUCTION 

This profile is based primarily or? the Ambient Kater 

Quality Criteria Document for Polynuclcar Aromatic Hydrocar- 

bons (U.S. EPA, 19.79a) and the Multiczeia Health Assessment 

Document for Polycyclic Organic Matter (U.S. EPA, 197913). 

Benz(a)anthracene (ClsH12) is one of the family of 

polycyclic aromatic hydrocarbons (PAE) formed as a result 

of incomplete combustion of organic Raterial. Benz(a)anthra- 

cene has the following physical/chemiccl groperties (U.3. 

EPA, 1979b): 

Melting point: iS9.5-160. S°C 

Vapor Pressue : 
. Boiling Point: 4GOoC 

1.1~ x 10" torr 

PAH, including benz(a)anthracene, are ubiquitous in 

the environnent, being found in ambient air, food, water, 

soils, and sediment (U.S. EPA, 1979b). The PAX class con- 
-- 

tains a number of potent carcinogens (e.g., benzo(z1pyrene) , 
weak carcinogens (e.g., benz (a) anthrzccne) , and coczrcino- 
gens (e.g., fluoranthene), as well as numerous non-carcino- 

gens (U.S. EPA, 1979b). 

PAH which contain more than three rings (such as benz (a) - 
anthracene) are relatively stable in the environment, and 

may be transported in air and water by adsorption to particu- 

late matter. However, biodegradation end chemical treatment 

are effective in eliminating most PAE in the environnent. 

The reader is referred to the PX? aazard Profile for 

a more general discussion of PAH (U.S. EPA, 1979~). . 

f 7-5- 
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I 11. EXPOSURE 

A .  Water 

Benz(a)anthracene levels i;! sarface waters or 

drinking, water have not been reportee. Eowever, the concen- 

tration of six representative PAiI (nct iccluding benz (a) - 
anthracene) in U . S .  drinking water averaged 13.5 ng/l (Basu 

and Saxena, 1977, 1978). 

B. Food 

Benz(a) anthracene has been detected in a wide 

variety of foods including margarine (cp to 29.5 ppb), smoke2 

fish (up to 1.7 ppb), yeast (up to 2C3 a r ~ b ) ,  and cooked 

or smoked meat (up to 33.0 ppb) ( U . S .  2 X ,  1973a). The 

total iatake of all types of PAH thrcttch the diet has been 

estimated at 1.6 to 16 ).tg/day ( U . S .  EIA,  1979b). The U.S. 

EPA (1979a) has estimated the bioconcxtration factor for 

benz(a)anthracene to be 3,100 for the edible portions of 

fish and shellfish consumed by Americezs. This estimate 

is based on the octanol/water partitior, coefficient of benz- 

--- - 

(a) anthracene. 

C. Inhalation . 

Benz(a)anthracene has been repeatedly detected 

in ambient air at concentrations rancicg from 0.18 to 4.6. 

ng/rn3 (G.S.  EPA, -1979a). 

benz(a)anthracene by inhalation of e f e n t  air may be in 

the range of 3.42 to 87.4 ng, assumirq that a human breathes 

19 m of air per day. 

Thus, the t E a n  daily intake of 

3 
b 

C. 

-- . .  
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111. PHARMACOKINETICS 

There are no data available concerning the pharmaco- 

kinetics of benz (a) anthracene, or other PAiI, in humans-. 

Nevertheless, it is possible to make limited assumptions 

based on the results of animal research conducted with sev- 

eral PAH, particularly benzo(a)pyrene. 

A. Absorption 

The absorption of benz(a)anthracene in humans 

has not been studied. However, it is known (U.S. EPA, 1979a) 

that, as a class, PAH are well-absorbed across the respira- 

tory and gastrointestinal epithelia. In particular, benz (a) - 
anthracene was reported to be readily transported across 

the gastrointestinal mucosa (Rees, et a l . ,  1971). The high 

lipid solubility of compounds in the PAH class supports 

this observation. 
-- 

B. Distribution 

' The distribution of benz (a) anthracene in mammals 

has not been studied. However, it is known (U.S. EPA, 1979a) 

that other PAH are widely distributed throughout the body 

following their absorption in experimental rodents. Rela- 

tive to other tissues, PAH tend 'to localize in body fat 

and fatty tissues (e.g., breast). 

C. Metabolism 

Benz(a)anthracene, like other PAH, is metabolized 

by the microsomal mixed-function oxidase enzyme system in 

mammals (U.S. EPA, 1979b). Metabolic attack on cne or more 

of the aromatic double bonds leads to the formation of phenols 
0 

. - -r  

I ' .  , - 
\ .  , . .  . 

5 , , 'I L .. . . 
.J 

1 .  ' . . .  
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a and isomeric dihydrodiols by the intermediate formation 

of reactive epoxides. 

by microsomal mixed-function oxidases to yield diol epoxides, 

3ihydrodiols are further metabolized 

compounds which are known to be biologically reactive inter- 

mediates for certain PAH. Removal of activated intermediates 

by conjugation with glutathione or glucuronic acid, or by 

further metabolism to tetrahydrotetrols, is a key step in 

protecting the organism from toxic interaction with cell > 

macromolecules. \ 

D. Excretion 

The excretion of benz(a) anthracene by' mammals 

has not been studied. However, the excretion of closely 

related PAH is rapid and occurs mainly via the feces (U.S. 

' EPA, 1979a). Elimination in the bile may account for a 
-- 

significant percentage of administered PAH. However, the 

rate of disappearance of various PAH from the body 

the principal routes of excretion are influenced both by 

the st:ucture of the parent compound and the route of admini- 

stration (U.S. EPA, 1979a). It is unlikely that PAH will 

and 

accumulate in the body with chronic low-level exaosures. 

IV. EFFECTS 

A. Carcinogenicity 

Benz(a)anthracene is recognized as a weak carcino- 

gen in mammals ( U . S .  EPA, 1979a,b). It is a tumor initiator 

on the skin of mice, but failed to yield significant results 

in the strain A mouse pulmonary tumor bioassay system. 

R -- 00021% 
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B. Mutagenicity 

Benz(a)anthracene -has shown weak nutagenic activity 

in several test system, including Ames Salmonella assay, 

somatic cells in culture, and sister chromatid exchange 

in Chinese hamster cells (U.S. EPA, 1979b). 

C. Teratogenicity 

Pertinent data could not be located in the avail- 

able literature concerning the possiSle teratogenicity of 3 

benz (a) anthracene. Other related PAE ere apparently not 

significantly teratogenic in mammals (E.S. EPA, 1979a). 

D. Other Reproductive Effects 

Pertinent data could not be located in the avail- 

able literature. 

E. Chronic Toxicity -- 
The chronic toxicity of becz(a)anthracene has 

not been extensively studied. 

benz(a)anthracene in mice for 40 weeks (total dose, 10 mg.) 

had little apparent effect on longevity or organ weights 

( U . S .  EPA, 1979b). 

The re2eated injection of 

v. AQUATIC TOXICITY 

A. Acute 

Pertinent data could not be located in the avail- 

able information. 

B. Chronic 

No standard chronic toxicity data have been pre- 

sented on freshwater or marine' species. The only toxicity' 

data available for benz(a)anthracene foz fish is an 87 per- 

e 
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cent mortality on the freshwater bluE;.lll sunfish, Lepomis 

macrochirus, exposed to 1,000 ;F1g/1 fc: six months (Brown, 

et al., 1975). 

C. Plant Effects 

Pertinent data could not be located in the avail- 

able information. 

VI. EXISTING GUIDELINES AND STANDARLS 

Neither the human nor the aquatic criteria derived 

by U.S. EPA (1979a), which are summaristd below, nave gone 

through the process of 'review; therefxe, there is a pos- 

sibility that these criteria will be ctanged. e 

A. Human 

There are no established er3cscre criteria for 

benz (a) anthracene. However, PAa as t cless are regulate6 

by several authorities. The world Health Organization (1970) 

has recommended that the concentratica of PAH in &inking 

- 

water (measured as the total of fluorzEthene, benzo(g,h,i)- 

perylene, benzo(b)fluoranthene, benzc!k)fluoranthene, indeno- 

(1,2,3-cd)pyrene, and benzo(a)pyrene) =at to exceed 0.2 

,ug/l. 

for coke oven emissions, coal tar prcf~cts, and coal tar 

Occupational exposure criteris kave been established 

pitch volatiles, all of which contair. large amounts of P U  

including benz.(a)anthracene ( U . S .  EPE., 1979a). . 
The U.S. EPA (1979a) draft ro,ccmended criteria 

for PAH in water are based upon the uc=rcpolation of animal 

carcinogenicity data for  benzo(a)pyrezE and dibenz(a,h)anthra- 

cene. 

e- 000213 



B. Aquatic 

Data were insufficient to propose critaria for 

freshwater or marine environments. 

I 7-11- 
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DISCLAIMER 

This report r e p r e s e n t s  a su rvey  of t h e  p o t e n t i a l  health 
and envi ronmenta l  haza rds  f rom exposure  t o  t h e  s u b j e c t  chemi- 
cal .  The i n f o m a t i o n  c o n t a i n e d  i n  t h e  r e p o r t  is drawn c h i e f l y  
from secondary  s o u r c e s  and avai lable  r e f e r e n c e  documents. 
Because of t h e  l i m i t a t i o n s  of such  s o u r c e s ,  t h i s  sho r t  p r o f i l e  
may n o t  re f lec t  all a v a i l a b l e  in fo rma t ion  i n c l u d i n g  a l l  t h e  
a d v e r s e  health and envi ronmenta l  impacts p r e s e n t e d  by t h e  
s u b j e c t  chemica l .  T h i s  document h a s  undergone s c r u t i n y  t o  
e n s u r e  its t e c h n i c a l  accuracy.  

-- 
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SPECIAL NOTATION 

U.S. EPA's Carcinogen Assessment Group (CAG) has evaluated 

benzo(b)fluoranthene and has. found sufficient evidence to 

indicate that this compound is carcinogenic. 
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BEN 20( b )  FLUORANTEENE 

SUMMARY 

B e n z o ( b ) f l u o r a n t h e n e  is a member of the p o l y c y c l i c  a r c -  

matic hydrocarbon (PAH) class .  Numerous compounds i n  t h e  PAH 

c la s s  are w e l l  known fo r  their c a r c i n o q e n i c  e f f e c t s  in a n i -  

mals. Benzo( b ) f l u o r a n t h e n e  is c a r c i n o g e n i c  to  t h e  s k i n  of 

mice and p roduces  sarcomas when i n j e c t e d  i n  mice. Very 

l i t t l e  is known c o n c e r n i n g  t h e  non-ca rc inogen ic  e f f e c t s  pro-  . 9  

duced  by c h r o n i c  e x p o s u r e  to benzo(  b )  f l u o k a n t h e n e .  A l t h o u g h  

e x p o s u r e  t o  benzo(  b )  f l u o r a n t h e n e  i n  t h e  env i ronmen t  o c c u r s  i n  

c o n j u n c t i o n  w i t h  e x p o s u r e  to  o t h e r  PAH, it is n o t  known how 

t h e s e  compounds may i n t e r a c t  fn human sys t ems .  Fu r the rmore ,  

t h e  s p e c i f i c  e f f e c t s  of b e n z o ( b )  f l u o r a n t h e n e  i n  humans are  

n o t  known. 

S t a n d a r d  a c u t e  or c h r o n i c  t o x i c i t y  t e s t i n g  f o r  a q u a t i c  

o rgan i sms  has  n o t  been found i n  t h e  a v a i l a b l e  l i t e r a t u r e .  

. 

. .  
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I .  * INTRODUCTICN 

T h i s  p r o f i l e  is based p r i m a r i l y  on t h e  Ambient Water 

Q u a l i t y  C r i t e r i a  Document f o r  P o l y n u c l e a r  Aromatic Hydrocar- 

bons ( U . S .  EPA, 1979a )  and t h e  Multimedia H e a l t h  Assessment 

Document f o r  P o l y c y c l i c  Organic  Matter (U.S. EPA, 1979b) .  

Benzo(b) f l u o r a n t h e n e  (C20H12) is one of t h e  f a m i l y  

o f  p o l y c y c l i c  aromatic hydrocarbons  ( P M )  formed as a r e s u l t  

of incomple te  combustion of o r g a n i c  materqal. Its p h y s i c a l /  

chemica l  p r o p e r t i e s  have n o t  been w e l l - c h a r a c t e r i z e d ,  o t h e r  

t h a n  a r e p o r t e d  m e l t i n g  p o i n t  of  167OC ( U . S .  EPA, 1 9 7 9 b ) .  

PAH, i n c l u d i n g  b e n z o ( b ) f l u o r a n t h e n e ,  are  u b i q u i t o u s  i n  

t h e  environment,  b e i n g  found i n  ambient a i r ,  food ,  water, 

soi ls ,  and sed imen t  ( U . S .  EPA, 1979b) .  The PAH class  con- 

t a i n s  a number of p o t e n t  c a r c i n o g e n s  ( e . g . ,  b e n z o ( a ) p y r e G e ) ,  

modera te ly  a c t i v e  c a r c i n o g e n s  (e .g . ,  b e n z o ( b ) f l u o r a n t h e n e ) ,  

weak c a r c i n o g e n s  ( e .g . ,  b e n z ( a ) a n t h r a c e n e ) ,  and c o c a r c i n o g e n s  

(e .g . ,  f l u o r a n t h e n e ) ,  -as w e l l  as numerous nonca rc inogens  

( U . S .  EPA, 1 9 7 9 b ) .  

PAH which c o n t a i n  more than  t h r e e  r i n g s  ( s u c h  as benzo- 

( b )  f l u o r a n t h e n e )  are r e l a t i v e l y  s t a b l e  i n  the,  environment and 

may be t r a n s p o r t e d  i n  a i r  and water by a d s o r p t i o n  t o  p a r t i c u -  

l a r  matter. However, b i o d e g r a d a t i o n  and chemica l  t r e a t m e n t  

are  e f f e c t i v e  i n  e l i m i n a t i n g  most PAH i n  t h e  envi ronment .  

Re fe r  t o  t h e  PAH Hazard P ro f i l e  (U.S. EPA, 1 9 7 9 ~ )  f o r  a more 

g e n e r a l  treatment of PAH. e 
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11. EXPOSURE 

A .  Water 

In a monitoring survey of U.S.  drinking water, Basu 

and Saxena (1977, 1978) were unable to detect benzo(b)fluor- 

anthene. However, the concentration of six representative 

PAB ( f luoranthene, benzb ( a) pyrene , benzo( g -h i ) perylene , 
benzo(j)fluoranthene, benzo(k)fluoranthene, indeno(lr2,3-cd) 

pyrene 1 averaged 13.5 ng/l . 

z' 

4 

B. Food 

Levels of benzo(b)fluoranthene have not been re- 

ported for food. However, the total intake of all types of 

PAH through the diet has been estimated at 1.6 to 16 I.rg/day 

( U . S .  EPA, 1979b). The U.S.. EPA (1979a) has estimated the 

weighted average bioconcentration factor of benzo(b)fluor- 

anthene to be 6,800 for the edible portion of .fish and shell- 

fish consumed by Americans. This estimate is based on the 

octanol/water partition coefficient of benzo(b)fluoranthene. 

C. Inhalation 

Benzo(b)fluoranthene has been detected in ambient 

air at concentrations ranging from 0.1 to 1.6 ng/m3 (Gordon 

and Bryan, 1973). Thus, the human daily intake of benzo(b)- 

fluoranthene by inhalation of ambient air hay be in the range 

of 1.9 to 30.4 ng, assuming that a human breathes 19 m3 of 

air per day. 

I I I . PHARMACOKIN ET1 CS 
Pertinent data could not be located in the available . 

literature concerning the pharmacokinetics of benzo( b )  fluor- 

anthene, or other PAH, in humans. Nevertheless, it is pos- 

. . ,  , .  . ' ' 2  ' . 



s i b l e  t o  make l i m i t e d  a s sumpt ions  based on t h e  resul ts ,  of 

an imal  r e s e a r c h  conducted w i t h  s e v e r a l  PAH, p a r t i c u l a r l y  

benzo(a1pyrene .  

A .  Absorp t ion  

The a b s o r p t i o n  o f  benzo(  b l f l u o r a n t h e n e  i n  humans or 

o t h e r  an ima l s  h a s  n o t  been s t u d i e d .  However, it is known 

( U . S .  E P A ,  1979a)  t h a t ,  as a c lass ,  PAEI a re  wkl l -absorbed  

across t h e  r e s p i r a t o r y  and g a s t r o i n t e s t i n a l  e p i t h e l i a .  The 

h i g h  l i p i d  s o l u b i l i t y  o f  compounds i n  t h e  PAH class suppor ts  

this o b s e r v a t i o n .  

-r 

\ 

B. D i s t r i b u t i o n  

The d i s t r i b u t i o n  of benzo( b l f l u o r a n t h e n e  i n  mammals 

h a s  n o t  been s t u d i e d .  However, it is known ( U . S .  E P A ,  1979a)  

t h a t  o t h e r  PAH are wide ly  d i s t r i b u t e d  t h r o u g h o u t  t h e  body 

f o l l o w i n g  t h ' e i r  a b s o r p t i o n  i n  e x p e r i m e n t a l  r o d e n t s .  R e l a t i v e  

t o  o t h e r  t i s sues ,  PAH t e n d  to local ize  i n  body f a t  and f a t t y  

t issues  (e .g . ,  b r e a s t ) .  

C. .Metabolism 

The metabol ism o f  b e n z o ( b ) f l u o r a n t h e n e  i n  mammals 

has  n o t  been s t u d i e d .  B e n z o ( b ) f l u o r a n t h e n e ,  l i k e  o t h e r  PAH, 

is most l i k e l y  m e t a b o l i z e d  by the microsomal mixed-funct ion  

o x i d a s e  enzyme sys tem fn mammals (U.S. E P A ,  1 9 7 9 b ) .  Meta- 

b o l i c  a t t a c k  on one or more o f  t h e  aromatic doub le  bonds 

l e a d s  to  t h e  f o r m a t i o n  of pheno l s  and isomeric d i h y d r o d i o l s  

by the i n t e r m e d i a t e  f o r m a t i o n  o f  r e a c t i v e  epox i d e s .  Dihydro- 

d i o l s  a r e  f u r t h e r  me tabo l i zed  by microsomal mixed-funct ion  

o x i d a s e s  t o  y i e l d  d i o l  e p o x i d e s ,  compounds which a r e  known to 

be b i o l o g i c a l l y  r e a c t i v e  i n t e r m e d i a t e s  f o r  c e r t a i n  PAH. R e -  

moval of  a c t i v a t e d  i n t e r m e d i a t e s  by con j u g a t i o n  wi th  g l u t a -  
~. -- .#z -~ - - .  . _ . - -  ~ 
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t h i o n e  o r  g l u c u r o n i c  a c i d ,  or by f u r t h e r  metabol i sm t o  t e t r a -  

h y d r o t e t r o l s ,  is a key s t e p  i n  p r o t e c t i n g  t h e  organism from 

t c x  i c  i n t e r a c t i o n  w i t h  c e l l  macromolecules .  

D. E x c r e t i o n  

The e x c r e t i o n  o f  benzo(  b )  f l u o r a n t h e n e  by mammals 

h a s  n o t  been s t u d i e d .  However, t h e  e x c r e t i o n  ,of c l o s e l y  re- 

l a t e d  PAH is r a p i d  and o c c u r s  ma in ly  v i a  t h e  f e c e s  (U.S. EPA, 

1 9 7 9 a ) .  E l i m i n a t i o n  i n  t h e  b i l e  may a c c o u n t  f o r  a s i g n i f i -  

c a n t  p e r c e n t a g e  of a d m i n i s t e r e d  PAH. I t  is u n l i k e l y  t h a t  PAH 

w i l l  a ccumula t e  i n  t h e  body w i t h  c h r o n i c  low- leve l  exposures. 
\ 

I V .  EFFECTS 

A. C a r c i n o g e n i c i t y  

Benzo( b )  f l u o r a n t h e n e  is r e g a r d e d  as  a modera t e ly  

a c t i v e  c a r c i n o g e n  (U.S. EPA, 1 9 7 9 b ) .  I t  is c a r c i n o g e n i c  by 

s k i n  p a i n t i n g  on mice, and by s u b c u t a n e o u s  i n - j e c t i a n  i n  n i c e  

( U . S .  EPA, 1979b; L a V o i e ,  e t  a l .  1 9 7 9 ) .  The sa rcomagen ic  

p o t e n c y  o f  b e n z o ( b ) f l u o r a n t h e n e  is similar t o  tha t  of benzo- 

( a l p y r e n e  (Buu-Hoi, 1 9 6 4 ) .  

8 .  M u t a g e n i c i t y  

B e n z o ( b ) f l u o r a n t h e n e  is mutagenic  i n  t h e  Ames E- 
mone l l a  assay i n  t h e  p r e s e n c e  o f  a microsomal a c t i v a t i n g  sys -  

t e m  ( L a V o i e ,  e t  al. 1 9 7 9 ) .  I t  is also p o s i t i v e  i n  t h e  induc- 

t i o n  o f  s i s t e r - c h r o m a t i d  exchanges  by i n t r a p e r i t o n e a l  i n j e c -  

t i o n  i n  C h i n e s e  h a m s t e r s  (U.S. EPA, 1 9 7 9 b ) .  

C. T e r a t o g e n i c i t y  

P e r t i n e n t  d a t a  cou ld  n o t  be l o c a t e d  i n  the l i t e r a -  

t u r e  a v a i l a b l e  c o n c e r n i n g  t h e  p o s s i b l e  t e r a t o g e n i c i t y  o f  



benzo(b) fluoranthene. 

significantly teratogenic i n  mammals ( U . S .  EPA, 1979a). 

Other related PAH are apparently not 

D. Other Reproductive Effects 

Pertinent information could not be located in the 

available literature. 

E. Chronic Toxicity 

Published data are not available regarding the non- - 
carcinogenic chronic effects of benzo(b)fluoranthene. It is 

known, however, that exposure to carcinogenic PAH may produce 

widespread tissue damage as well as selective destruction of 

-. 

proliferating tissues (e.g., hematopoietic and lymphoid sys- 

tems) (U .S .  EPA, 1979a). 

V. AQUATIC TOXICITY 

Pertinent information could not be located in the avail- 

able literature. 

VI. EXISTING GUIDELINES AND STANDARDS 

A. Human 

There are no established exposure criteria for 

benzo(b)fluoranthene. 

by several authorities. 

recommended that the concentration of PAH in drinking water 

(measured as the total of fluoranthene, benzo(g,h,i)perylene, 

benzo(b)fluoranthene, benzo(k)fluoranthene, indeno(l,2,3-cd) 

pyrene, and benzo(a)pyrene) not exceed 0.2 ug/1. Occupa- 

tional exposure criteria have been established for coke oven 

emissions, coal tar products, and coal tar pitch volatiles,' 

However, PAH as a class are regulated 

The World Health Organization has 

all of which contain large amounts of PAH including benzo(b)- 

fluoranthene ( U . S .  EPA, 1979a). 

.. 000224 



Tee U . S .  €PA (1979a) draft recommended criteria for 

PAH in water are based upon the extrapolation of animal car- 

cinogenicity data for bento(a1pyrene and dibenzo(a,h)anthra- 

cene. 

B. Aquatic 

The criteria for freshwater and marine life, have 

not been drafted (U.S. EPA, 1979a). 

. 4  
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DISCLAIMER 

This report  represent i  a survey of the  p o t e n t i a l  hea l th  
and environmental hazards from exposure to the  s u b j e c t  chemi- 
cal. The i n f o m a t i o n  contained i n  t h e  report  is drawn c h i e f l y  
from secondary sources  and a v a i l a b l e  re ference  documents. 
Because of the l i m i t a t i o n s  of such sources, t h i s  shor t  profi le  
may n o t  ref lect  all a v a i l a b l e  i n f o m a t i o n  including all the 
adverse health and environnental  impacts presented by the 
s u b j e c t  chemical. This document has undergone scrut iny  to 
ensure i t s  t e c h n i c a l  accuracy.  

M- 

I 9 4  



U.S. EPA' s Carcinogen 

SPECIAL NOTATION 

h a s  

benzo( a )pyrene  and has  found s u f f i c i e n t  e v i d e n c e  

t h a t  this compound is c a r c i n o g e n i c .  

e v a l u a t e d  

to i n d i c a t e  

. 

I 

r 
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Summary 

The first chemicals shown t o  be involved in t h e  develcpment of cmczr 

belong t o  the  polynuclear aromatic  hydrocarbons (PAH) class. Senzo(a1pyiene 

is the most wide ly  recognized and ex tens ive ly  s tud ied  of a l l  carcinogenic  

PAH. and produces 

tumors i n  v i r t u a l l y  all species by all r o u t z s  of admin i s t r a t ion .  

It  is among the  most po ten t  animal carcinogens known 

Since humans are never exposed t o  only benzo(a)pyrene i n  Lte envimn- - 
ment, it is not  poss ib l e  to  a t t r i b u t e  human cancers s o l e l y  t o  exposure t o  

b e n d a ) p y r e n e .  However,. numerous epidemiologic studies suppotr. the  belief 

t ha t  carcinogenic  PAH, including benzo( a)pyrene, are a l s o  human carcinocens.  

. 

Measured steady-state bioconcentrat ion f a c t o r s  are not  available f o r  

Standard fi-eshuater o r  saltwater aquatic species exposed to bento(a)pyrene. 

t o x i c i t y  data f o r  freshwater and saltwater aquatic .life have not  been re- 

ported.  a 

I 

. 
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I. INTRGWCTICN 

This profile is Sased on the Ambient Water Qual i ty  Ccter ia  Clocment 

fo r  Polynuclear Aromatic Hydrocarbons (U.S. EPA, 1979a) and the Multimedia 

Health Assessment OocTment for  Polycyclic Organic Matter (U.S. Z A ,  197%). 

Benzo(a)pyrene (C2&Il2) is one of the f a m i l y  of polynuclear arcmar- 

ic  hydrocarbons (PAH) formed as a result o f  inccmplete canbustion of organic 

material .  Its physical and chemical propert ies  have not Seen well-marac- 

terized, other than a rsported melting poinr c f  178.8-179.33C and a vapor 

pressure of-5.49 x loo9 mm Hg (U.S. EPA,  197%). '. 

- -  - 
4 

PAH, including benzo(a)pyrene, are ubiquitous in t he  environment, being 

found i n  ambient air, food, water, s o i l s  and sediment (U.S. R A ,  1979a). 

The PAH class contains a number of ootent carcinogens (e.g., bento(a)py- 

rene 1, moderately ac t ive  carcinogens ( e. g 1 , benzo ( b  f luoranthene 1 , weak car- 

cinogens (e.g., Senz(a)anthracene), and cocarcinogens (e.g., f luoranthene),  

a as well as numerous noncarcinogens (U.S. EPA, I 197Sa). 

PAH whim contain more than three r i n g  (such as oenzo(a)pyrgne) arE 

relafively s t a l e  i n  the environment and may be cransported i n  a i r  ana 

water by aasorption t o  pa r t i cu la t e  matter. However, Siodegradation and 

chemical tEatment  a re  e f fec t ive  In eliminacing rslost ?AH In  tbe znviromnent. 

11. W O S U R E  

A. Mater 

Basu and Saxena (1977, 1978) have monitored various United S ta t e s  

drinking water supplies for  e the presence o f  PAH, including benzo( a)pyr?,ne. 

They reported that the  average l eve l  o f  Senro(a)pyrene i n  drinking water was 

0.55 nanogramdliter.  T h i s  would r e s u l t  i n  a hman dai ly  intake of bemo- 

(alpyrene from water of about 0.0011 ug. 

. .  
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8. Food 

aenzo(a)pyrene has Seen getectea i n  a wiae variety of f tods  by 

numerous i n v e s t i g a t o r s  (U.S. ?A, 1979a). aenzo(a1pyrene levels a r e  espe- 

cially high. i n  cooked or  smoked meats, where i n  c e r t a i n  cases (i.e.,  char- 

coal-bmiled steak) concentrat ions a s  high as 50 ppb have bem reported 

(Li j insky and Ross, 1967). It has been estimated (U.S. P A ,  197%) t h a t  the  

d a i l y  d i e t a r y  in take  o f  b e n d a l p y r e n e  is about 0.16 t o  1.6 p g ,  and t o t a l  

PAH i n t a m  is about 1.6 t o  16 rJg.  The U.S. €PA (1979a) nas estimated tne 

weighted average bioconcentrat ion f a c t o r  f o r  benzo(a)pyrene t o  be 6,800 f o r  

t he  edible por t ions  of f i s h  and she l l f i sh  consumed by Americans. 'This est i -  

mate is based' on the octanol/water p a r t i t i o n  c o e f f i c i e n t  f o r  benzo(a1pyrene. 

C. Inha la t ion  

Ben=( alpyrene l e v e l s  have been rout ine ly  monitored i n  the amoient 

The average urban-rural amoient benzo(a)pyrene 
3 

Thus, the  human d a i l y  in take  of benzo(a)oyrene by inhala- 

t i o n  o f  ambient a i r  is about 9.5 nanograms, assuming that a hman bzathes 
3 aoout 19 m o f  a i r  per day. 

III. WARMACOKINETICS 

atmosphere f o r  many years. 

concentrat ion i n  the United States has been estimated a t  0.5 nanc~rams/m 

' ( U S .  S A ,  1979a). 

Per t inent  data could not  be found i n  a v a i l a b l e  li:eratuie concernirg 

t k e  pharmacokinetics o f  benzo(a)pyrene, o r  o ther  PAH, i n  numans. Neverthe- 

less, it is poss ib le  t o  make limited assumptions based on t h e  r e s u l t s  of 

animal research conducted with several, PAH, p a r t i c u l a r l y  trenzo( a Ipyrene. 

A. Absorption 

Toxici ty  data indicate t h a t ,  as a c l a s s ,  PAH a r e  capaole of passage 

across e p i t h e l i a l  membranes (Smyth, e t  a l .  1962). I n  p a i t l m l a r ,  betizo(a)- 

pyrene Has reported t o  Se resaily tzansportod across  the i n t e s t i n a l  muC3sa 
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(Reas, e t  al. 1971) and t3e r e s p i r a t o r y  membranes (Kotin, et al. 1969; Vai- 

niok, e t  a l .  1976). 

8. Dis t r ibu t ion  

Benzo(a)pyrene beccmes l o c a l i z e d  i n  a wide variety o f  body t i s s u e s  

following its absorption (Kotin, e t  a l .  1969). Due t o  its high l i p i d  solu- 

S i l i t y  , benzo(a)pyrene l o c a l i z e s  primarily i n  body f a t  and f a t ty  t i s s u e s  

(e.g., breast) (fchlede, e t  a l .  1970a.b). 

C. Metaoolism 

The metabolism o f  benzo(a)pyrene i n  mmals has been s tudied  in 
-. 

g r e a t  d e t a i l  (U.S. F A ,  1979a). Benzo(a)pyrene, l i k e  o t h e r  PAH, is metabo- 

lized by the-  microsomal mixed function oxidase enzyme system in mammals 

( U S .  EPA, 197%).. Metabolic a t tack  on one o r  more of the  aromatic r i n g s  

leads t o  the Ponnation o f  phenols and isomeric dihydrodiols  by the interme- 

d i a t d  formation o f  r e a c t i v e  epoxides. Oihydrodiols are f u r t h e r  metabolized 

by microsomal mixed function oxidases t o  y i e l d  d i o l  epoxides, ccmpounas 

whic!! are known to  be u l t imate  carcinogens f o r  ce-rtain PAH. Removal of 

ac t iva ted  intermediates  by conjugation with g lu ta th ione  or  glucuronic acid,  

o r  f u r t 9 e r  metabolism t o  t e t r a h y d r o t e t r o l s  , is  a key i n  p r o t e c t i n g  

the organism f r o m  t o x i c  i n t e r a c t i o n  with ca l l  m a c m o l e c u l e s .  

0. Excretion 

The excre t ion  o f  benzo(a1pyrene by narrtmals has bean s tudisd  2y sev- 

eral groups o f  ' i nves t iga tors .  I n  general ,  t he  excret ion o f  benzo(a1pyrene 

and :elated PAH is m i d ,  and occurs mainly v ia  t h e  feces  (U.S. P A ,  1970~; 

Schlede, et  a l .  1970a,b). Elimination i n  the S i le  may a c c w n t  f o r  a s ign i -  

f i c a n t  percentage o f  administered PAH. It  is unl ikely t h a t  PAH w i l l  accumu- 

la te  i n  the body a s  a r e s u l t  of chronic  low-level e x p o s u r s .  

. .  
I , .e 

d 
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I V .  t t n s  
A .  Carcinogenicity 

The carcinogenic a c t i v i t y  of benzo( alpyrene was first recognizea 

decades ago, b d  since that time it has become a Laboratory standard f o r  t h e  

production of experimental  tumors which resemble human carcinomas i n  ani-  

mals. The carcinogenic a c t i v i t y  of benzo(a)pyrene is Z i s i i n w i s h e d  . by sev- 

eral remarkable fea tures :  (1) it is among t h e  most potent  animal c x c i n o -  

gens known, pmducing tumors by s i n g l e  exposures t o  microgram q u a n t i t i e s ; .  

(2) it acts both a t  the s i t e  of appl ica t ion  and a t  organs d i s t a n t  t o  the 

Site of absorpt ion;  and ( 3 )  its carc inogenic i ty  has been demonstrated i n  

near ly  every t i s s u e  and spec ies  tested, regard less  of the route  of admini- 

s t r a t i o n  (U.S. €!A, 1979a). 

O r a l  adminis t ra t ion or' benro(a)pyrene t o  rodents  can r e s u l t  in 

tumors of t k  forestomach,. mammary gland, ovary, lung, . liver, and iymphoid 

and hematopoietic t i s s u e s  (U.S. CPA, 1979a). Excosurz t o  Senzg(a)pyrone 3y 

i n t z a t r a c h e a l  i n s t i l h o n  i n  rodents  can also be an 2 i f e s t i v e  inems or' prs- 

d u c b g  r e s p i r a t o r y  tzact tumors (Feron, e t  a l .  1973). i n  addi t ion ,  benzo- 

(a lpyrene has rgnarkable patency f o r  t h e  induct ion o f  sk in  tumors i n  mice by 

direct dermal appl ica t ion  (U.S. F A ,  1979a). 

Numerous epidemiologic s t u d i e s  suoport  the bel ief  tSat carcincgenic  

PAH, including benzo(a)pyrene, a r e  iespons ib le  f o r  3 e  procuction of human 

cancers  both in  occuoational s i t u a t i o n s  and among tobacco smokers (U.S. EPA, 

197% 1. 

8. Mutagenicity 

.. Senzo(alpyrene g ives  p o s i t i v e  r e s u l t s  i n  nearly a l l  mutaqeniFity 

test  systems including the Ames Salmonella assay,  cultured C3inese hamster 

' . : ' . .Czlls; the  s is ter-cbromatid exc5ange test ,  and t h ~  indcct ion o f  DNA zegair  
* .  . 

syntfiesis (U.S. EPA, 1979a). 
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C. Teratogenici ty  and Other Reproductive Effects 

Only l imitzd d a t a  a r c  a v a i l a b l e  regarding t h e  te ra togenic  effects 

eenzo(a)pyrena nad Little effecr of  benzo(a1pyrene or o ther  PAH i n  animals. 

on f e r t i l i t y  o r  the developing embryo i n  several mammalian and non-mamnalian *- 

species (Rigdon and Rennels, 1964; Rigdon and Neal, 1965). 

0. Chronic Toxicity 

- -  As long ago a s  1937, i n v e s t i g a t o r s  knew that carcinogenic  PAH sucn 

as oenzo(alpyrene pmduced systemic t o x i c i t y  as manifested by an i n h i b i t i o n  

of boay growth i n  rats and mice (Haddow, e t  al., l?37). The t aqe t  organs 

affected by cCIronic a m h i s t r a t i o n  o f  carcinogenic  PAH are d iverse ,  due 

p a r t l y  t o  extensive d i s t r i b u t i o n  in t h e  body and also t o  the  s e l e c t i v e  de- 

s t r u c t i o n  of p r o l i f e r a t i n g  cells (e.g., hematopoietic and lymphoid system, 

i n t e s t i n a l  epithelium, testis) ( P h i l i p s ,  e t  al. 1973). 

V .  A W T I C  TOXICITY 

-. 

a P e r t i n e n t -  data could not he  lccated i n  t h e  a v a i l a n l e  l i t e r a t u r e .  

VI. ~ISTING aIcaI,uEs AND STANDARDS 

Neither the  human health nor t h e  aquat ic  c r i t e r i a  derived by L1.S. S A  

(1979a1, which a r e  summarized below, have gone through t h e  grocess of publ ic  

review; therefore ,  there is a p o s s i b i l i t y  tha t  these c r i t z r i a  w i l l  oe 

c5anged. 

A. Human 

There a r e  no established exposure s tandards specifically f o r  oenro- 

(alpyrene. However, PAH as a c l a s s  are regulated by several a u t h o r i t i e s .  

The World Health Organizaticn ( 1970) has recommended that the c m c m t r a t i o n  

of PAH i n  dr inking water (measured a s  t h e  t o t a l  o f  f luoranthene,  benzo(g,h,- 

i lpery lene ,  benzo(b)fluoranthene, Denzo( klf luoranthene,  ir.oeno( 1,2,3-td)py- 

rene, and henzo(a)pyrene) not exceed 0.2 pg/1. Occupational exposure C r i -  

. .  * -  . .  . *  . "  
. .  . . ,  . .. 
, .  080235 
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teria have been established fo r  Coke oven emissions, coal  t a r  products, and 

coa l  tar  p i t c h  vo la t i l e s ,  a l l  of- which contain la rge .  amounts crf PAH i n  water 

based upon the extrapolation of animal carcinogenicity data fo r  benzo( alpy- 

rene and dibenz(a,h)anthracene. Levels fo r  each compound are derived which 

w i l l  result in specified risk l eve l s  of human cancer as shown in the table 

below : 

Exoosure A s m o t i o n s  
(per day 1 

2 liters of drinking water 
and consumption of 18.7 
grams o f  f i s h  and shellfish. 

Consmotion of f i s h  
and s h e l l f i s h  only. 

Risk Levels and Corresoondina Oraft Criteria 

- 0 - 10-7 - 104 10-5 

0 0.097 0.97 9.7 

0.44 4.k5 u.46 

Exoosure Assumoticns 
(per aay 1 

-< e *+ ,,,,,,a Risk Levels and Corresaondina Draft C 
I 

- 0 - 10-7 - 10-6 - 10-5 

I. 3 43 2 l i ters  of drinking water 0 0.43 
and consumption of 18.7 
grams of f i s h  and she l l f i sh .  

'Consumption of f i s h  
and s h e l l f i s h  only. 

1.96 19.6 196 

9 Aquatic 

Guidelines a re  not avai lable  f a r  benzo(a lpyrene i n  WUatiC environ- 

ments. 
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DISCLAIMER 

T h i s  r e p o r t  r e p r e s e n t s  a s u r v e y  of t h e  p o t e n t i a l  health 
and env i ronmen ta l  hazards from exposura to t h e  s u b j e c t  chemi- 
cal. The i n f o r m a t i o n  con ta ined  i n  t h e  report  is drawn c h i e f l y  
from secondary  sources and a v a i l a b l e  r e f e r e n c e  documents. 
Because of t h e  l i m i t a t i o n s  of such  s o u r c e s ,  t h i s  short  p r o f i l e  
may n o t  r e f l e c t  a l l  a v a i l a b l e  i n f o m a t i o n  inc lud ing  a l l  t h e  
a d v e r s e  health and e n v i r o m e n t a  impacts  p re sen ted  by the 
s u b j e c t  chemical. T h i s  document has undergone s c r u t i n y  t o  
e n s u r e  i ts  t e c h n i c a l  a c a r a c y  . 

. 



Benzotrichloride has  been shown t o  be mutzgenic in a nunber af micm- 

b i d  tests with and without metabolic ac t ivauon. .  One study has aescribed 

the carcinogenicity of benratrichloride i n  mice. me iowest concentration 

prsaucing a lethal e f fec t  (Lxo) h a s  been reported at 125 ppm-for ra ts  in- 
haling benmtrkhloride f o r  four hours. Pertinmt data f o r  the toxic 

e f f e c t s  t o  aquatic organisms were not found in the available Qteratute. ' 
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I. TmoDucTIm 

Benzotrichloride (CAS registry number 98-07-71 , is a color less ,  oily 
fuming liquid. It .is made by the free radical chlor inat ion of boiLing 

toluene (S idl ,  l.964; Vlndholz, 1976). Benzotrichloride has the following 

physical and chemical p r o p e r c i s  (Windhok, 1976; Sidi, l96ro: 

Formula: C@sC'3 

Melting Paint: -5% 
Boiling Paint: 220.0% 

~ ~ l e c u l a r  weight: 195.48 

Density: 1. flS620 0 

alcohol,  ether, benzene , 
insoluble  in water __ - Solubi l i ty:  

eenzutr ichlor ide is used extensively in the dye industry f o r  the 
- 

OTOduCtim of Malactrite green, Rosamine, W i n o m e  red, and y d l W  

A. It can also tie used to  produce ethyl.or*ooenzoate (S id i ,  196&). 

A. Water 

Senzo t rkh lo r ide  decompose in the presence o f  water to  5mzo ic  and 

hydrcchloric acids (Windholz, 1976) 

8 .  Food 

orature. Fer t inent  data were not found i n  the ava i lab le  lit- 

C. Inhalation 

Pertinent data were not found in the ava i lab le  literature; how- 

ever, siqificant exposure could occur in the workplacd frm accidental  

spills. Benmtrichlor ide d e c m o s e s  I n  moist a i r  t o  benzoic and hydro- * 

0. Dermal 

Benzotricnloriae is i r r i t a t i n g  t o  the  sk in  (Winaholz, 1976). 

. .  
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111. FWRMACOKINRfCS 

Pertinenr pharmacokinetic data were not  found in the available 

literature. . 

I V .  ttrtCTf 

a. ' carcinogenicity 

In a study by Matsushito and coworkers (19751, bentotricfi loride 

was found t o  induce carcinomas, leukemia, and papillmas i n  mica. The de-- 

tails o f  the study w e r e  not ava i lab le  fo r  assessment. 

. 9. Mutagenicity 

Yasuo, e t  al. (1978) tested the mutagenicity of severa l  compounds 

including benmtr ich ior ide  in microbial systems such as me rec-assay using 

Sacfflus s u b t i l i s ,  reversion assays using E. c o l i ,  and the Pmes assay using 

Salmonella tyuhirmrim, w i t h  o r  without metabolic ac t iva t ion .  Bmzo- 

t r i ch lo r ide  was pos i t ive  for mutagenicity in the rec-assay and was h igh ly  

zos i t i ve  on cer~ain stzzns o f  E. coli and - 5 .  tvonimurium k the reversion 
I 
assay w i t h  metabolic aceva t ion .  Without metaooLc scr iva t ion ,  however, 

xnzo t r i ch lo r fde  was only weakly pos i t i ve  in the l a t t e r  assay. 

C. Teratogenicity,  Reproductive Ef fec ts ,  and C'lionic Toxicity 

Per t inent  data were not found in the ava i lab le  iiteratutz. 

0. Acute Toxicity 

me lowest lethal concentration (L%o) fo r  Tats inhal ing benzo- 

t r icfr lor ide is 125 ppm fo r  four hours (Smyth, e t  al. 1951). 

Bemotr ichlor ide was severely i r r i ta t ing t o  the sk in  of  rabbits 

t h a t  Eca ived  demal mpl i ca t ions  o f  10 mg fo r  24 hours and t o  the eyes o f  

rabbi t s  t h a t  reeived instillations of 50 pg t o  the eye (Smyth, e t  al .  1951). . 



V. 

VI .  
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not found in the available Eterature.  - 
AMI SANOMOS 

and standards 

. .  

. .  

were not found in  the available 
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DISCLAIMER 

T h i s  r e p o r t  r e p r e s e n t s  a survey  of t h e  p o t e n t i a l  h e a l t h  
and environmental  haza rds  from exposure t o  t h e  s u b j e c t  chemi- 
cal .  The informat ion  con ta ined  i n  t h e  r e p o r t  is drawn c h i e f l y  
from s e c o n d a n  sources and a v a i l a b l e  r e f e r e n c e  documents . 
Because of t h e  l i m i t a t i o n s  of such sources, t h i s  sho r t  p r o f i l e  
may n o t  reflect  all available informat ion  inc lud ing  all the  
adverse  h e a l t h  and environmental  impacts presented  by t h e  
s u b j e c t  chemical  . This document h a s  undergone s c r u t i n y  t o  
ensu re  its t e c h n i c a l  accuracy .  
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BENplL CHLORIDE 

S-ty 

8enzyl chloride has been shown to produce carcinogenic effects i n  rats 

following. subartaneous administration and in mice following iptrageritoneal 

administration. 

Weak mutagmic act ivity of the compound has been demonstrated 

Ams Salmonella assay and i n  E. coli. 

There is no available information on the possible teratagmic 

verse reproductive effects of benzyl chloride. 

in the 

or ad- 

Inhibition of cell Indtiplication i n  the alga, Microcystis aeruoinosa, 

started a t  30 q/l. Concentrations of l0 mg/l and 17 mg/l caused paralysis 

in two species o f  fish. 

, 
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I. lMRODUCTION 

Benzyl chloride (alpha-chlomtoluene) , CAS Registry numiIer- 100-7, is 

a culorless-to-light yeurn, clear, lachrymatory l iqu id  and is made by free- 

mdical (photomemid)  chlorination of tolene (Hawley, D7l; Austin, 1974). 

It  has the following phys icd l  and 

1976; -ley, 1971; 'Ueast, 1972): 

Formula: 
~ 0 -  weight: 
Melting Point: 
B o i l i n g  Point: 
Density: 

Solubili ty:  

production : 

126.59 
a3oc 
179oc 

- l . m O ~  

Miscible iri alcOhol, cnlomfonn, 

aopruximately 89 million Us. 197i 
ether; insoluble i n  water 

(NIOSH, Isn) I 

- _  
of 1 mm q a t  22% (NIOSH, urn). 
slowly i n  water w i t h  a U-hour ha l f - l i fe  of pH 7 ( Z ° C )  (NIOSH,  1978). 

Benzyl chloride is used to  make oenzaldehyde thmugn a a d i t i o n d  cnlori-  

nation and h y d m l y s i s ,  but modest amounts are a lso  used as a bentylating 

agent for  benzyl benzoate, d t y l  benzyl phthalate, benzyl emyl ani l ine,  

Senzyl cel lulose,  components o f  dyes and perfumes, and for production of 

Benzyl chloride is a moderately vo la t i l e  c m o u n d  w i t h  a vapor pressuE 

me compound decomposes relatively 

phenylacetic acid by benzyl cyanide ( A u s t b ,  1974). 

11. EXPOSURE 

A. Water 

Giuber (1975) reports that no benzyl chloride enters the water 

fm production. 

. ' ,  .- ,. . 
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B. Food 

Pert inent  data could not be located i n  me avai lable  Ute ra tu re .  

C. Inhalation 

Pert inent  data were not found i n  t h e  avai lable  l i t e r a t u r e ;  how- 

ever, benzyl chlor ide is used exclusively as a chemical intemediate in 

rnanufactlaing and exposure and is most l i k e l y  Limited t o  the workglace. As 

such, the level at' exposure is reported t o  be less than 1 ppm (NTOSH, 1978). 

0. Oennal 

Pert inent  data could not be located in the avai lab le  literature. 

111. WRMACOKINETIS 

A. Absorption and Distr ibut ion 

Pertinent data could not be located - 

The major excretion product following ingestion o f  henzyl chloride 

Is a cysteine conjugate, benzylmercaaturic acid (Stekol,  1938, 1939; Witter, 

~ d ;  aarnes, er al. 1359; Knight and young, 1958). 

Bray, e t  al. (1958) administered benzyl chlor ide a t  200 q / k g  boay 

weight ora l ly  t o  mitt. Urine col lected fo r  24 hours showed 86.4 percent 

o f  tCle aaministered dose in the soluble f ract ion,  w i t h  19 percent *as oenzyl- 

rnercaoturic acid, 20 percent as a glycine conjugate, 0.4 bercent a s  glucasi-  

dumnic acid,  and 17 percent as unconjugated benzoic acid. Maitrya and Vyas 

(1970) found 30 percent of the  t o t a l  oral dose of benzyl chlor iae  t o  be ex- 

creted by rats as hippuric acid. 

'Knight and Young (1958) found that benzyl chloride is converted 

i n  the avai lable  literature. 
B. M e t a b o ~ a n d E X C r e t i o n  

d i r e c t l y  to benzyl mercapturic acid, unlike related cwounds sum as &lor- * 

inaterf benzenes, which form acid-labile precursors. 



F 

Barnes, e t  al. (1959) found that 27 percent o f  the to ta l  o r a l  dose 

o f  benzyl chloride administered to  rats was excreted as b e n r y l  mercmturlc 

acid. This value compares w i t h  49 percent excreted in rabbits (Bray, e t  al. 

1958) and 4 percent i n  guinea pigs  ( B r a y ,  e t  al. l959). 

Several studies have indicated that glutathione is the saurce of 

the t h i o l  gmtrps f o r  mercapturic acid formation from benzyl chloride 

(Barnes, et al. 1959; Simkin and White, B57; Anderson and Mosher, 1351; 

Waals& and Rittenberg, l942; Eray, e t  al. 1969; 8&, e t  al, 1964). me 

;urnover rate o f  glutathione in the l i v e r  was found to  be 49 mg/lOO g of 

Liver per  hour (Shkin  and White, 195'7). An -- in v i t r o  study by Suga, e t  al. 

(1966) revealed that emjugation with glutathione can o c x u  both enrymal2.c- 

a l l y  and nm-enzymatica.Uy in rat Uverpreparations. The enzymFc cunjuga- 

tion has also been observed in human liver prepam- (aoyland and Chas- 

seaud, 1969). 

, .  t 
. n  . . ,  . 

I'J. GFECTS 

A. Carcinogenicity 

Benzyl chloride was reviewed by IARC :376) and found to  De car- 

tinogenic in ats. D r u c k r e y ,  e t  al. (1970) injected 14 rats subcutaneously 

with benzyl chloriae a t  2.1 g/kg body weight ( t o t a l  dose) and 8 rats with 

3.3 g/kg body weight ( total  dose) during 51 vews. In jecdon s i te  sarccmas 

were noted in three o f  .the rats receiving the lower dose ana six recalving 

the  higher dose; mst o f  the tmrs had metastasized t o  the lungs. The 

venide o f  adminis*ation, arachis oil, did not produce local trrmon. 

mirier, e t  al. (1975) administered intraoeritoneal injections or' 

benzyl chloride in t r i c a p r y u  t o  three grouDs o f  20 male and female A/Hes- . 
ton mice, three times per week far eight weeks, w i t h  total doses Of' 0.6, 

1.5, and 2.0 g/kg booy weight. after 2h weeks, a l l  survivors were k i l l e Q ;  



lung tumors o c c u d  in 4/15, 7/16, and U8 surviving mice in the three 

cfmws, resoectively.  The average number of tumors per mouse was 0.26, - 
0.50, and 0.25, respectively.  The incidence of tumors in mice receiving the 

benzyl chlor ide was not  s ign i f icant ly  different from t9e results recorned 

fo r  untreated mice on the tricaprylin-vehicle treated mice. 

8. Mutagenicity 

M c C m ,  e t  al. (l97Sa,b) found benzyl chlor ide t o  9e weakly muta- 

genic (less *&an 0.U revertants/nanomole) when tested using the Ames assay 

( Salmonel ldmicromml ac t iva t ion  . 
. Rosenkmz and mirier (19781, in a National Cancer I n s t i t u t e  re- 

port ,  found benzyl chlor ide t o  be marginally mutagenic in the Ames assay a t  

doses of 5 pl and 10 @/plate w i t h o u t - a c t i v a t .  Microsd ac t iva t ion  had 

an inact ivat ing effect on benzyl chloride. The inves t iga tors  also evaluated 

the CNA-nodifying a c t i v i t y  in bacterial systems using Escherichia - coli  pol A 

mutants. A dose of 10 pl benzyi chlor ide produced a pos i t ive  mutagenic e f -  

fect. I 

Benzyl chlor ide was found to  be non-mutagenic in the Ames Salm- 

- ne l l a  microsomal assay by Simmon (1979). me c=rmound was mutagenic when 

exposure was by vapor phase in a dessicator .  

C. Teratogenicity,  Other Reoroauctive Effects and Clmnic  Toxicity 

Pertinent data  could not  be located in the ava i lao le  l i t e r a t u r e .  

D. Acute Toxicity 

A number of s tud ie s  have been conducted on the  acute  tox ic i ty  of 

benzyl chlor ide vapor t o  animals and were reviewed ln a criteria doclrment 

preoared by NIOSH (1978). Respiratory tract inflanrmation and secondaq in- 

fections were observed in mice exoosed t o  3% mg/d (LC50) fo r  ydo hours  

ana rats exoosed t o  740 q/m3 ( L C ~ ~ )  fo r  two hours (Mikhailova, 1965). 

.. . ' . 
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I .  
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Rabbits exposed t o  480 q/d o f  benzyl ch lor ide  fo r  eight hours/day f o r  

six days suffered mild eye and nasa l  i r r i t a t i o n  by the sixth day, whue cats 

exposed t o  the same regimen suffered a loss or' aope t i t e  in addi t ion t o  eye 

and respiratory tract i r r i t a t i o n  - - .  (wolf, 1912). Ceath of a dog occurred 

within 24 h o k  of exposure t o  1,900 mg/d of benzyl chloride f o r  eight 

hours. Corneal t u m i d i t y  and i r r i t a t i o n  o f  the ocular, respiratory, and 

oral mucosa were observed before death (Schutte, '  19l.5): MUhaUova (1965) 

observed h e p a t i c  changes and n e c m s i s  o f  the kidney in rats and micz exposed 

t o  benzyl ch lor ide  at 100 mg/d. 

Landsteiner and Jacobs (1936) invest igated tfte sensitiring proper- 

ties of benzyl chloride t o  guinea pigs. Benzyl chlor ider  in a -e soh- 

t lon (0.01 mg/animal) was injected intracutaneously twice p e r  w e e k  f o r  12 

weeks. Two weeks later, re-exmsure &veal& that benzyl  chloride had a 

sensitiring effect. 

O c a a t i o n a l  exposures t o  benzyl chloride have been reportea by 

several inves t iga tors  (Wolf, 1912; ScWtte, DE; Mikhailova, i971; Kau and 

Talbert, 1930; Watrous, lJrr7). Laciminat ion,  cen junc+Avitis, and irrita- 

tion o f  '&e respFatory tract and eyes have been reported fo l lowing exposure 

t o  benzyl chloride vaoor l e v e l s  ranging f rom 6 to 8 mq/d for  f i v e  minutes 

t o  brief exooSure a t  Z , B O O  q/d. Although no c s e s  were report& i n  tfie 

l i t e r a t u r e ,  l iqu id  benzyl c!!loride has the po ten t i a l  f o r  i z r i t a r i o n  

based on its release o f  hydmcRloric acid upon hycimlysis. The odor thresn- 

old and nasal i r r i t a t i o n  thresholds f o r  benzyl ch lor ide  are 0.21 t o  0.21, 

q/3 and 180 q/d, respect ively (Kat2 and Talbert, LOX; Leonardos, e t  

al. 1969). 

. .  
* ' .  
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v. AQlATIC T O X I C m  

9. Acute and Chmnic Toxicity 

Per t inent  data could not  be located i n  the  ava i lab le  literature. 

a. . P l a n t  E f f e c t s  

Inhib i t ion  o f  cell mult ipl icat ion in Microcvstis aeruqinosa start- 

ed a t  30 m g / l  (erlngmnn and Kuhn, 1976). 

C. Residues 
- -  

Pert inent  data could no t  be located a the ava i lab le  l i teracue. 

0. other 4elevant Information 

Hiatt, e t  al. (1953) found that 1.0 mg/l of benzyl chlor ide pro- 

duced no i r r i t a n t  response in marine fish, but 10 mg/l caused a slight irri- 

tant act ivi ty .  This compound caused p a r a l y s i s  - in the fish Trut ta  b idea  and 

C\/orinus c a m i o  a t  concentrations o f  10 mg/l and 17 q/l, respectively 

(Meinck, e t  al. l9rO).  

VI. EXISTING GUIDELINES am STANCARDS 

A. Human I 

The American Conference o f  G o v e m e n W  and Industrial Hygienists 

(ACGIH, 1977) recmenas an occupational exposure limit of 1 ppm ( 5  mg/m3) 

for  benzyl chloride.  The U.S. federal stanaard promulgated by OSHA is also 

1 zpm (TWA) ( p  CFR 1910.1000). NIOM rxommends an environmental exoosure 

limit of 5 q / m 3  as a ce i l i ng  value for a 15-ninute exoosure (NIOSil, 1978). 

a. Aquatic 

No guidelines t o  p r o t e c t  f i s h  and saltwater organisms i r o n  benzyl 

chloride tox ic i ty  have been established because of the lack of available 

data. 
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DISCLAIMER 

T h i s  r e p o r t  r e p r e s e n t s  a s u r v e y  aE t h e  p o t e n t i a l  heal th  
and env i ronmen ta l  h a z a r d s  from exposure t o  t h e  s u b j e c t  chemi- 
cal. The i n f o m a t i o n  c o n t a i n e d  i n  t h e  r e p o r t  is drawn c h i e f l y  
from secondary  s o u r c e s  and a v a i l a b l e  r e f e r e n c e  documents. 
Because of the  limitations of such s o u r c e s ,  t h i s  sho r t  g r o f i l e  
may not r e f l e c t  a l l  avai lable  i n f o m a t i o n  i n c l u d i n g  a l l  *he 
a d v e r s e  healLh and envi ronmenta l  imgacts ? r e s e n t e d  by the 
s u b j e c t  chemical. T h i s  document  has undergone scrutiny to 
e n s u r e  i ts  t e c h n i c a l  ac,Yracy. 
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SPECIAL NOTATION 

U.S. EPA's Carcinogen Assessment Group (CAG) has evaluated 
. I  

beryllium 

that' this 

and has found sufficient evidence to indicate 

compound is carcinogenic. 

-- 
a a-3 800260 



BERY LLI IM 

Beryllium was shown to be carcinogenic in three animal 

species, producing cancers of the lung and bone when admin- 

istered by injection, inhalation, or int:atracheal instilla- 

tion. 

in animals, 2oss ib ly  due to its poor gastrbintestinal absorp 

tion. 

4 
Ingesticn of beryllium has failed to produce cancsrs 

Several’epidemiology studies support the hypothesis 

that beryllium is a human carcinogen. 

Beryllium is toxic to freshwater organisms at concentra- 

tions as low as 5.3 )Ig/l. 

ganisms were not found in the available literature (U.S. 

ZP.4, 1973). 

Pertintent data for marine or- 

I 

. 
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I. INTRODUCTION 

This profile is primarily based upon t h e  Ambient Piater 
- -  . . .  

Quality Criteria Document for Beryllium ( U . S .  EPA, 1979). 

Recent comprehensive reviews on the hazards of beryllium 

have also been prepared by the National Institute for  Occupa- 

tional Safety ana Health ( N I O S H ,  1972) ana the International 

Agency for Research on Cancer (IARC, 1972). 
. #  

Beryllium (Be; atomic weight 9.01) is..a dark gray metal 

of the alkaline earth family. Beryllium has the following 

9hysical-chemical properties ( IARC,  1972) : 

Boiling poinc: 297OoC 
Melting point: 1284 - 13OOOC 
Hardness : 60 - 125 
Dens i ty : 1.84 - 1 . 8 5  . Solubility: Soluble in acids and alkalis 

Xorld ?reduction of beryllium was reported as approximately 
250 tons annually, but much inore reaches the environment 

as emissions from coal burning operations (Tepper, 1972). . 
Most common beryllium compounds are readily soluble in water. 

The hydroxide is soluble only to the extent of 2 mg/l (Lange, 

1956). Beryllium forins chemical compounds in which i ts  

valence is c2. At acid pH, it behaves as a cation but foras 

anionic complexes at 3H greater than 8 (Krelci and Scheel, 

1966). The major source of beryllium in the environment 

is the combustion of fossil fuels (Tepper, 1972). Seryl- 

lium enters the waterways through weathering of rocks and 

soils, through atmospheric fallout and throuqh aischarqes 

from industrial and municlpal operations. 

4 
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11. EXPOSURE 

. A. Water 

Kopp and Kroner (1967)  r e p o r t e d  t h e  r e s u l t s  of 

trace metal a n a l y s e s  of I, 577 d r i n k i n g  v a c c r  samples o b t a i n e d  

t h r o u g h o u t  t h e  U n i t e d  S ta tes .  

5 . 4  p e r c e n t  of t h e  samples. 

0 . 0 1  t o  1.22 Pgl’ l ,  w i t h  a mean v a l u e  of 0.19 p g / l .  

B e r y l l i u m  was d e t e c t e d  i n  

C o n c e n t r a t i o n s  r anged  from 

B. Food 

B e r y l l i u m  h a s  been  d e t e c t e d  i n  a v a r i e t y  of veqe- 

tables ,  and i n  eggs,, m i l k ,  n u t s ,  bread, and b a k e r ’ s  y e a s t  

(Meehan and ‘Smythe, 1957; Petzow and Zorn, 1 9 7 4 ) .  

l e v e l s  of b e r y l l i u m  were g e n e r a l l y  i n  t h e  r a n g e  of 0 . 0 1  

t o  0.5 ppm. Using t h e  d a t a  f o r  consumpt ion  and b ioconcen-  

t :ation for  f r e s h w a t e r  and saltwater f i s h e s ,  m o l l u s k s ,  and  

d e c a p o d s ,  and t h e  measured s t e a d y - s t a t e  b i o c o n c e n t r s t i o n  

f a c t o r  (BCF) f o r  b e r y l l i u m  i n  b l u e g i l l s ,  t!?e,iJ.S. EP.4 (1979)  

Sas estimated a we igh ted  a v e r a g e  BCF f o r  b e r y l l i u m  t o  be 

19 f o r  t h e  edible p o r t i o n s  of fish and s h e l l f i s h  consumed 

by Americans.  

icleasured 

, 

C. I n n a l a t i o n  

Tbe d e t e c t i o n  of b e r y l l r u m  i n  ai: is inf:equent 

and u s u a l l y  i n  trace amounts.  

l e v e l s  nay  reacn 0.008 pg/m , w h i l e  i n  r u r a l  a r a a s  b e r y l l i u m  

c o n c e n t r a t i o n s  have been n e a s u r e d  a t  0 . 0 0 0 1 3  pq/m3 (Tabor 

ana  Warren, 1958; N a t i o n a l  A i r  Sampling N e t w o r k ,  1 9 6 8 ) .  

A t  a b e r y l l i u m  e x t r a c t i o n  p l a n t  i n  Ohio, o e r y l l i u m  c m c e n -  

t : a t i o n s  were g e n e r a l l y  a round 2 pg/m’ o v e r  a s e v e n  year 

g e r i o d  ( B r e s l i n  and Z a r r i s ,  1 9 5 9 ) .  

I n  u rban  a r sa s  b e r y l l i u m  
3 

9 
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111. ?HARMACOKINETICS 

Ingested beryllium is poorly absorbed within the gastro- 

intestinal tract, ?resumably due to solubility problems 

in the alimentary canal (Hyslop, et al. 1943; Reeves, 1965). 

When inhaled, soluble beryllium compounds are rapidly re- 

moved from the lung, whereas insoluble beryllium compounds 

can remain in the lung indefinitely - -  (Van Cleave and Kaylor, 

1955; Wagner, et al. 1969; Sprince, et al. 1976). When 

parentgrally administered, beryllium- is’ distzibuted to all 

tissues, although it shows preferential accumulation in 

bone, followed by spleen, liver, kidney and muscle (Van 

Cleave ana Zaylor, 1955; Crowley, et al. 1549; Klemperer, 

et al. 1952; Kaylor and Van Cleave, 1953; Spencer, et al. 

1972). Absorbed beryllium tends to be either excreted in 

the urine or deposited in kidneys and bone (Scctt, et al. 

1950). Once deposited in the skeleton, beryllium is renovec 

very slowly, with half-lives of elimination rnported to 

be 1,210, 890, 1,770 and 1,271) days in mice, :ats, monkeys, 

and dogs, respectively (Furchner, et al. 1973). 

IV. ZFFECTS 

A .  Carcinogenicity 

Beryllium was shown to be carcinoqenic in three 

animal species. Intravenous injection of beryllium, zinc 

beryllium silicate, and beryllium phosphate poauced ostso- 

sarcomas in the rabbit (Gardner and Heslington, i946; Dutra 

and Largent, 1950; Komitowski, 1969; Fodor, 1971; IMC, 

1972). Inhalation ana intratracheal instillation of beryl-  

. 

-. 



l i u m  compounds have produced  l u n g  c a n c e r s  i n  t h e  r a t  and 

monkey (Vorwald and Reeves ,  1959; Vorwald, e t  a l .  1966; 

Ileeves,  e t  a l .  i967). 

nice has  f a i l e d  t o  i n d u c e  tumors ,  p o s s i b l y  due  t o  t h e  poor 

a b s o r 2 t i o n  of  b e r y l l i u m  from t h e  g a s t r o i n t e s t i n a l  t ract .  

S e v e r a l  e p i d e m i o l o g i c a l  s t u d i e s  have f a i l e d  t o  

e s t a b l i s h  a clear a s s o c i a t i o n  between b e r y l l i u m  e x p o s u r e  

and c a n c e r  deve lopment  (Stoeckle ,  e t  a l .  1969; Mancuso,. 

1970; Niemoller, 1963). 

p o r t  t h e  h y p o t h e s i s  t h a t  b e r y l l i u m  is a human c a r c i n o g e n  

(Berg  and Burbank, 1972; Wagoner, e t  a l .  1978; D i s c h e r ,  

1978). 

I n g e s t i o n  of b e r y l l i u m  by r a t s  a n a  

However, o t h e r  r e c e n t  s t u d i e s  sup- 

B. M u t a g e n i c i t y  

P e r t i n e n t  data were n o t  found i n  t h e  a v a i l a b l e  
' .  l i t e r a t u r e .  

C. T e r a t o g e n i c i t y  

B e r y l l i u m  h a s  been implicated a s  a t e r a t o g e n  i n  

s n a i l s  (Raven and S p r o k ,  1953) and h a s  i n h i b i t e d  l i m b  r e -  

g e n e r a t i o n  i n  t h e  s a l a m a n d e r ,  Amblystoma bunc ta tum (ThorEon, 

1950). 

D. Other  R e p r o d u c t i v e  E f f e c t s  

P e r t i n e n t  data were n o t  f0ur.a i n  t h e  a v a i l a b l e  

l i z e r a t u r e .  

2 .  C h r o n i c  T o x i c i t y  

C h r o n i c  b e r y l l i u m  i n h a l a t i o n  i n  humans p r o d u c e s  

a ?regressive, s y s t e m i c  disease w h i c h  may f o l l o w  t n e  ces- 

s a t i o n  of  ex;?osuic by as long a s  f i v e  y e a r s  ( ' l eppe r ,  e t  

. 



a l .  1961;  Hardy and S t o e c k l e ,  1 9 5 9 ) .  Symptoms i n c l u d e  pneu- 

m o n i t i s  w i t h  cough,  c h e s t  p d i n ,  and g e n e r a l  weakness . -  Sy- 

stsmic e f f e c t s  i n c l u d e  r i g h t  h e a r t  e n l a r g e m e n t  w i t h  c a r d i a c  

f a i l u r e ,  enla8rgement of l i v e r  and s p l e e n ,  c y a n o s i s ,  d i g i t a l  

c l u b b i n g ,  and k idney  s t o n e s  ( H a l l ,  e t  a l .  1 9 5 9 ) .  C h r o n i c  

b e r y l l i u m  d i s e a s e  c a n  be 2 roduced  i n  r a t s  ana  monkeys by 

i n h a l a t i o n  o f  b e r y l l i u m  s u l f a t e  a t  35 pg/m3 ( S c h e p e r s ,  e t  

a l .  1957;  Vorwald,  e t  a l .  1 9 6 6 ) .  

V. AQUATIC TOXICITY 

A. Acute  T o x i c i t y  

Acute  t o x i c i t y  data f o r  b e r y l l i u m  f o r  f r e s h w a t e r  

f i s h e s  are t a k e n  from 22 s ta t ic  and 5 f low- through b i o a s s a y s ,  

a l l  96 h o u r s  i n  d u r a t i o n .  U . S .  EPA (1979)  p r e s e n t s  t h e  

most s e n s i t i v e  species, t h e  guppy P o e c i l i a  r o t i c x l z t a ,  w i t h  

v a l c e s  r a n g i n g  from 7 1  t o  1 7 , 5 0 0  )q/L. The data  re- 

f l e c t  t h a t  t h e  t o x i c i t y  o f  b e r y l l i u m  t o  f r e s h w a t a r  I f i s h  , 

is decreased i n  hard water. T h i s  h a s  a lso Seer! conf i rmed  

ay U.S. EPA (1979)  i n  t h e  f a t h e a d  minnow, P imephales  prome- 

- l a s ,  w i t h  LC50 v a l u e s  r a n g i n g  from 82 t o  li,OOO p g / l .  

t o x i c i t y  f o r  a q u a t i c  i n v e r t e b r a t e s  p r o v i d e s  tuo 48-hour 

LCjo v a l u e s  o f  7 ,900  ana 2 , 3 0 0  Fg/l, w i t h  water h a r d n e s s  

v a l u e s  o f  180  and 200 pg/l as  CaCo3. 

i n v e r t e b r a t e  s t u d i e s  is t h e  same f o r  c h r o n i c  f r e s h w a t e r  

Acute  

The sourcs of t h e s e  

s t u d i e s .  . N o  data f o r  a c u t e  t o x i c i t y  t o  m a r i n e  species was 

found i n  t h e  a v a i l a b l e  l i t e r a t u r e .  

d 
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B. C h r o n i c  T o x i c i t y  

No c h r o n i c  t es t s  f o r  freshwater f i s h  Were found 

i n  t h e  a v a i l a b l e  l i t e r a t u r e .  

was t h e  only. freshwater s p e c i e s  testea for  c h r o n i c  e f f e c t s ;  

T h e  c l a d o c e r a n ,  Daphnia maqnz, 

c h r o n i c  v a l u e s  of less t h a n  36 ug/l and 5.3 uq/ l  were ob- 

t a i n e d  by t h e  U.'S. EPA (3379). No c h r o n i c  data fo'r m a r i n e  

species of f i s h  or i n v e r t e b r a t e s  was found i n  tSe a v a i l a b l e  

- l i t e r a t u r e .  

C. P l a n t  E f f e c t s  \ 

The o n l y  p l a n t  s t u d y  a v a i l a b l e  r e v e a l s  tSat  t n e  

s r e e n  a l g a e ,  Chlorel la  v a n n i e l i ,  d i s p l a y e d  growth  i n h i b r t i o n  

a t  a c o n c e n t r a t i o n  of 1 0 0 , 0 0 0  pq/l (U.S. EPA, 19791 

D. R e s i d u e s  

Exposure  of t h e  o l u e g i l l  for 28 a a y s  p roaucea  

a b i o c o n c e n t r a t i o n  fac tor  of i9 (U.S. EPA, i 9 7 8 ) .  No otker  

data  w a s  found i n  t he  a v a i l a b l e  l i t e r a t u r e .  

Z.  Other R e l e v a n t  I n f o r m a t i o n  

The o n l y  m a r i n e  data ? r e s e n t e d  snowed reduced  

a l k a l i n e  p h o s p h a t a s e  a c t i v i t y  i n  t h e  mummicnog , Funaaius 
h e c e r o c l i t u s ,  2 t  c o n c e n t r a t i o n s  ass low a s  9 uqil. 

t o g e n i c  r e s p o n s e  was o b s e r v e d  by Zvola-iwialtese (1357 1 i n  

A t e r a -  

sea u r c n i n  emnryos a t  c o n c e n t r a t i o n s  of 9.010 ug/l. 

VI. EX'ISTING GUIDELINES AND STANDARDS 

A. Human 

The  p r e s e n t  s t a n d a r d  for o c c u p a t i o n a l  ex;?osure 

t o  b e r y l l i u m  p r e s c r i D e s  a n  8-hour time-weignceu a v e r a g e  

4 
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3 
.of 2 . 0  )~g/m’ with a ceiling concentration of 5 . 0  pg/m . 
This is the same value recommended by the American Confer- 

ence of Governmental Industriai Hygienists (1977). The 

National Institute for Occupational Safety and Yealth ( N I O S X ,  

1972) recommends that occupational exposure to beryllium 

and its compounds not exceed 1 pg/rn3 (8-hour time-weighted 

average) with a ceiling limit of 5 pg/m3 (measured over 

a 15 minute sampling period). 4 

National Emission Standards for Hazardous Air 

Pollutants set their criterion as not more than 10 g in 

24 hours or emissions which result in maximum outplant con- 

centrations of 0.01 pg/m , 30-day average ( U . S .  EPA, 1977). 3 

Based on animal bioassay data for  beryllium to 

which the linear model was applied, the U.S. EPA (1979) 

has estimated levels of beryllium in ambient waxer which 

I will resulz in carcinogenic risk for  humans. As a result 

of the public comments received, additional review and re- 

evaluation of the data base is required before a final c:i- 

terion level can be recommended. 

3. Aquatic 

The U . S .  ZPA proposed a water quality standard 

of 11 Pg/1 for the protection of aquatic life in soft fresh- 

water: 1,100 pg/l  for the protection of aquatic life in 

hard. freshwater: and 100 pg/l for continuous irrigation 

on all soils, except 500 mg/l for irrigation on neutral 

20 alkaline lime-textured soils ( U . S .  ETA, i977). 
. 



The National Academy of Science/National Academy 

of Engineering (1973) Water Quality C:iteria recommendation 

for marine aquatic life is: hazard. level - 1.5 pq/l; minimal 

risk of deleterious effects - 0.1 mg/l; and apFlication 

factor - 0.01 (applied to 96-hour LCso). Their recommenda- 

tion for irrigation water is: 0.10 mg/l for continuous use. 

on all soils. 

The U.S.  EPA'(1979) has derived a draft criterion 

for beryllium to protect freshwater aquati'c organisms. 

water hardness and is derived by the following equation: 
= = e  (1.24 In (hardness) - 6.65) 

The concentration not to be exceeded at any tise is: 
CR - e (1.24 In (hardness) - i.46) 

No draft criterion was derived for marine organisms 

SPA, 1979). 

( U . S .  

I 
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S m a r y  

i=errrmenc aara could not be located i n  the available literature searcn- 

es on the mutapnic, carcinogenic, teratogenic, or  adverse reproductive ef- 

fects o f  bis(2-chloroethoxy)methane (BCDEM) in mammals. A closely relacm 

canpound, bis(2-chlomethoxy)ethane (BCEXE) has been shown to produce skin 

tumors and injection s i te  sarcomas in animal studies. 

=Pertinent information cauld not be located i n  che available literacure I 

I 
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01s 2-CHLoROETHoXY)ME 

I. LNTRODUCTION 

This p r o f i l e  is based on the Ambient Water Quality Criteria Dowment 

for  Chlomalkyl E t h e r s  ( U S .  €PA, 197%). 

The chlomalkyl ethers are  cumpounds in w h i c ! !  a hydrogen a m  in one o r  

both o f  the  aliphatic ether chains are N b s t i t u t w  w i t h  chlorine. Bis(2- 

ehloroethoxy he thane  (m, diciiloroethyl formal, C 1 ~ 2 f % 2 ' o d 2 -  

CDIz-CH$l)  is a co lor less  l i q u i d  a t  mom temoerature with a boi l ing 

p o i n t  o f  ~8.1'~ and a specific gravi ty  of 1.2339.  he ccmpo~nd is 

sJ ight ly  soluhle in water hut miscible w i t h  most organic solvents. 

The ctrlomalkyl ethers have a wide var ie ty  o f  i ndus t r i a l  uses in organ- 

ic synthesis, treatment of textiles, the Mufacture of polymers and ins=- 

ticides, as degeasing agents and solvents,  and in the preparation o f  ion : 

exmange resins (U.S. P A ,  19m). 

The chlomalkyl ethers, like eQ(M, have a higher s t a c i l i t y  in waxer 

3EXM is d e c m o s e d  by :?an t h e  lalgha chlomalkyl  ethers, xhich d e c m o s e .  

;nineral acids. 

11. EXPOSURE 

No meciflc information on exposure t o  B E X M  is available. The reader 

is referred to a more general  treatmenr or' chioroalkyl e thers  (U.S. ?A, 

1?7%). has OB monitored in a b b e r  p lan t  e f f iuen t s  a t  a maximum 

leve l  or' 110 mg/l (Webb, e t  al. 1973). B~-l,Z=(Z-cnlomethaxy)ethane 

(ECEXE) , a ciosely related compound, has been reported i n  arinking water a t  

a maximum level o f  0.03 pg/l ( U S .  €PA, 1975). Data on l eve ls  o f  8- in 

foods xas not found i n  t he  avai lable  l i t e r a tu re .  

No bioacttanulation fac tor  for  SEXN has been derived. 

a3 -5 



XII. PttARMAcDKINETICs 

Pertinent information could not be located in the availaole Xterature 

on 8CE%M. The reader is referEd to a more general treaunent of chlomalkyl 

ethers (u.s: FA, 197%). 

1’1. m s  
A. Carcinogenicity 

Pertinent information could no t  be located in the availaole l i tera- 

ture m CarCiMg enic effects of .BCJEXM. The reader is referred t o  a more 

general treatment of chlomalkyl ethers (U.S. S A ,  197%). A closely re- 

lated canpound, BCEXE, has been shown to  pmduca skin tumors i n  mice and in- 

jection site sarcomas ( V a n  Ouuren, e t  al. 1972). 

. #  

E. Mutagenicity, Teratogenicity, Other Repmmctive EPfects and Chmn- 
i c  Toxicity - 
Pertinent data cculd not be located Fn the available l i terature for 

EC3.M. 

V. ACUATIC TOXICITY 

Pertinent information w l d  not  be located b the available l i terature 

on the aquatic toxicity of 8cExM. 

VI. EXISTING GUIDELINES AND sawmos 
NO standards or zsmmenaed cr i ter ia  exisc fa r  the DrCIteCtiGn 3f hman 

health or  aquatic organims t o  b i s (  2-cnlorcethoxy hethane. 

. 
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DISCLAIMER 

T h i s  r e p o r t  r e p r e s e n t s  a s u r v e y  of t h e  p o t e n t i a l  h e a l t h  
and env i ronmen ta l  hazards from exposure  t o  t h e  s u b j e c t  chemi- 
cal. The  i n f o m a t i o n  con ta ined  i n  t h e  r e p o r t  is drawn c h i e f l y  
from secondary  s o u r c e s  and a v a i l a b l e  r e f e r e n c e  documents . 
Secause  of the  l i m i t a t i o n s  of such  SOUZCBS, t h i s  sho r t  p r o f i l e  
may n o t  r e f l e c t  all a v a i l a b l e  i n f o r - s t i o n  i n c l u d i n g  a l l  t h e  
a d v e r s e  heal th  and envi ronmenta l  ixz?acts p r e s e n t e d  by t h e  
s u b j e c t  c h e m i c a l .  T h i s  document has andergone s c r u t i n y  to 
e n s u r e  its t e c h n i c a l  accuracy .  

I 



SPECIAL NOTATION 

U . S .  EPA's Carcinogen Assessment Group (CAG) has evaluated 

bis(2=chloroethyl)ether and has found sufficient evidence .to 

indicate that this compound is carcinogenic. 

I 



I .  

Oral administration of bis(2-chlomerhyl)ether (-1 d i d  nor produce . 

an increase of tumors in rats. Male mice showed a s ign i f i can t  increase in 

hepatomas after m e s t i o n  of BEE. B E  has a l so  shown ac t iv i ty  as a tumor 

i n i t i a t o r  fo r  mouse s&. 

Testing of BE i n  the h e s '  Salmonella assay, i n  5 &, ma i n  

Sacctmmmvcs cerevisiae has shown that t h i s  m o u n d  i n d u e s  mutagenic - 
* effects. 

There is no. avai lable  evidence t o  indicate t!!t B E  pmduCS aoverse 

rqmouctive effects o r  t e r a t q e n i c  effects. 

me data base fo r  hLs(2-chlomettryUether is Emit& t o  three studies.  

The  96hr LCs0 value f o r  the b l u e g i l l  is m o r t &  t o  be over 600,000 

Adverse chronic effects were nut observed with the farhead minnow a t  t~sc 

concentrations as high as 19,000 gg/l .  A biocsncentration fac tor  of 11 :vas 

observed during a :&day exposure of blueg-. The ha l f - l i f e  was 4-7 cays. 

000283 - 272- 



B I S ( Z - C H L O R O € T H Y L ) ~  

I. INTRODUCTION 
2 

This pmfile is based on the Ambient Water Quzl i ty  C r i t e r i a  3ocwnent 

for  Chloralkyl Ethers ( U S .  P A ,  197%). 

The chloroalkyl ethers are compounds i n  which a hydrogen atom i n  me or  

both of tiye aliphatic ether chains are subs t i tu ted  with chlorine.  Bis(2- 

chlomethy1)ether ( B E ,  molecular weignt 143.31) is a c d o r l e s s  l i q u i d  a t  

nom tmerature wi th  a boi l ing point of 176-178'C a t  760 mm Hg, and a 

density of 1.213. The compound is p r a c t i c a l l y  insoluble  in water, but is 

miscible with most organic solvents  (U.S. F A ,  197Ya). 

The chlorualkyl ethers have a wide variet\/ of i n d u s t r i a l  and lacoratory 

uses in organic synthesis,  in t e x t i l e  treatment, the manufacture of polymers 

and insecticides, as degreasing agents, and i n  the preparacicn of ion ex-; 

change resins (US. EPA, 1979a). 

_ _  - 

me &substituted chlomalkyl  ethers, sucn a s  B E ,  are generally more 

s c a l e  and hems less reactive in aqueous systems than t3e a-substi tutea 

cmoounds (U.S. F A ,  197%). 

For addi t ional  information regaming chloroalkyl e thers  i n  general ,  t he  

reader is referred t o  the EPA/ECAO Hazard Profile on Chlomalkyl Ethers  

(U.S. 9 4  1979b). 

-t LA. 

The B-chloroalkyl ethers have been monitored i n  wacer. Inaus t r i a l  dis- 

charges from chemical p lan ts  involved i n  the manufacture o f  glycol pmducts, 

mcber, and insecticides may contain high levels o f  9CEE (U.S. EoA, 1979a). 

The highest comentrat ion of BCEE i n  drinking water re ior ted  Sy tae U S :  =A 

. .  

. . .  
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(1975) is 0.5 pg/l. There is no evidence o f  the occurrence a? the chlom- 

aikyl ethers i n  the atmosoners; human exposurz spears  t o  be confined iL3 

occmat iona l  settings. 
' Human exposure t o  cclloroalkyl ethers v i a  ingest ion of food is unknown 

(US. @A, 1979a). The B-chlomalkyl echers, due t o  their s t a b i l i t y  and law 

water so lub i l i t y ,  may have a high tendency t o  be bioaccumulated. The U S .  

P A  (1979a) has stimared the weighted average bioconcentration fac tor  f o r  

S C E  t o  be 25 fa t  the edible port ions o f  f i s h  and snellfish csnsumed by 

Americans. This estimate is based on a measurn steady-state 3iocon- 

centration factor king bluegi l l s .  

A. Absorption - 
Exceriments w i t h  radiolabelled BCEE have indicated that the can- ' 

pound Ls readfly absoxted following o r k  administration (Lingg, e t  a l .  

1978). Infomat icn  on inha la t ion  c1r dermal aDsomtion or' chhmalkyl ethers 

is not available (U.S. F A ,  197%). 

a. Oistr ibut ion 

Pertinent M o m a t i o n  on the  d i s t r ibu t ion  of B E  could nct be 

located in the l i t e r a t u r e .  

S. Met-aoolisrn 

The biotransfomation o f  3EE in rats following o r a l  aminis t ra t ion  

zapears t o  involve cleavage o f  the ether linkage and subsequent conjugation 

dL9 non-gmtein-free sulfhydryl  groms,  the  major mute ,  o r  with glucuronic 

acid (Lbgg, e t  a l .  1978). Thiodiglycolic acid and Z-chloro- 

ethanol-8-0-g~ucumnide %ere i den t i f i ed  as urinary metznolites o f  3CE :n 

rats. 



0. Excretion 

administered t o  rats by incubation was eliminated rapidly i n  

tk urine,  with more than 60 percent of the Csmpouna excreced within 21 

hours (Lingg,. e t  al. 1978). 

P I .  m s  

A. Carcbogenici ty  

S E E  h a s  shown activity as a tumor i n i t i a t o r  i n  lnouse skin (U.S. 

?A, 197%). Preliminary results o f  an NCX study indicate t h a t  o r a l  amin- 

i s t r a t i o n  of BEE does not produce an increase in t m o r  incidence i n  rats 

(U.S. F A ,  1979a); however, mics administered aCEE by ingestion showed a 

s ign i f i can t  increase i n  hepatomas (Innes, et  al. 1969).  

a. Mutagenicity - 
Testing o f  the chloroalkyl etclers i n  the  Ames' Salmonella assay and.. 

in E. coli have indicated that B E  induce5 mutagenic e f f ec t s  (U.S. € ? A T  

197%). S E  has also shown mutagenic effects i n  facfnaromvcos cerovis iae  

(Sinanon, e t  a l .  19771, but none were found I i n  the heritacle t ranslocat ion 

test for  mics (Joqenson,  e t  ai. 1977). 

C. Teratogenicity,  Chronic Toxiciiy and other  Reproec t ive  Ef fec ts  

e r t i n e n t  information could not be located in the  a v a i l a l e  l i ter-  

aturz.  

0. Other Relevant Information 

Acute physiological ieesoonses o f  t he  guinea pig to  innalation of 

high concernrations o f  BCEE were congestion, emphysema, eaema and hemorrhage 

o f  the lungs (Shrenk, e t  a l .  1933). Brief excosure o f  man t o  BCEE vapor, a t  

levels 260 ppm, irritated the nasal passages and eyes wi th  profuse l ac r i -  

mation. Deep inhalat ian produced nausea. The highest concentration witn no 

notic!?aole e f f ec t  was 35 opm (Shrenk, e t  a l .  1933). 

8 --- 
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{ j .  AQUATIC T O X f C m  

a. acute  Toxicity 

96-hr LCfO value fo r  the b lueg i l l ,  Leoornis mzcroc3ims, c d a  not 

9e determined. fo r  bis(2-chloroethyl)ether with exposure concentrations as 

high a s  600,000 pg/l  (U.S. S A ,  1978). 

8. Chronic Toxicity 

An embryo-larval t es t  has been reuorced with Sis(2-cnlomethvl)  

Adverse effects were not srher and the fathead minnow, Pkmhales  panelas. 

observed a t  test wncentratfons as high as 19,OOO pg/l (U.S. E T A ,  1978). 

C. Plant E f f e c t s  

Fert inent  data could not be located i n  the  ava i lao le  l i t e r a t u r e .  
__ 

0. Residues - 
A b i o c o n c m t a t i o n  f ac to r  of 11 w a s  determined during a 14-day ex- 

psure o f  b lueg i l l s  to bis(2-chlomethyl)ether.  

V I .  EXITTZNC GUIDEllNES AN0 STANDARDS 

The half-life was Lb7 days. 

Neither the huntan health nor the  aciuatic cri teria aerived by U.S. S A  

(197?a) which are summarized below, have gone thmugn LCle process o f  public  

zeview; therefore ,  there  is a poss ib i l i t y  -&at these cri teria will ae 

ctmnged. 

aased on the r e s u l t s  of an animal carcinogenesis bioassay, ana 

usinq a linear, nan-threshold model, the  U.S. €?A (1,079a) has estimated that - 
an ambient water level of 0.42 pg/l wiU present an increased r i s k  of lo-’ 

o r  less for  8 E ,  asnrming water and the in j ec t ion  o f  contaminated aquacic 

orqanisms t o  be the only sources of exposure. . 



C .  

0 0 7 2 9  
The 8-hour, time-weighted average threshold limit value (TLV-TWA) 

for  8CEE determined 'by t3e American Conference of GOVefilmental I n d u s t r i d  

Hygienists (ACCIH, 1978) is 5 ppm for  B E E .  

8. Aquatic 

Freshwater o r  saltwater criteria cannot be derived for b i d  Z-chlo- 

methy1)ether because of insufficient data (U.S. €?A, 197%). 

. .  
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DISCLAIMER 

T h i s  r e p o r t  r e p r e s e n t s  a s u r v e y  of t h e  p o t e n t i a l  h e a l a  
and envi ronmenta l  hazards from exposure to the s u b j e c t  chemi- 
ca l .  The in fo rma t ion  con ta ined  i n  t h e  r e p o r t  is drawn c h i e f l y  
from secondary  s o u r c e s  and a v a i l a b l e  r e f e r e n c e  documents. 
aecause  of t h e  l i m i t a t i o n s  of such  s o u r c e s ,  this shor t  p r o f i l e  
may n o t  reflect all a v a i l a b l e  in fo rma t ion  i n c l u d i n g  a l l  t h e  
adve r se  health and envi ronmenta l  impacts  ?resented by t h e  
s u b j e c t  chemical. Th i s  document has undergone s c t u t i n y  t o  
e n s u r e  its t e c h n i c a l  accuracy.  

. .  . .  . .  . .. 
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81S( 2-CHLOROISGPROPK )ETHER 0 0 7 2 9 0  

Preliminary results f r o m  an NCI carcinogenesis bioassay do not show an 

increase in tumors following oral administration of bid 2-chloroisopmpyl)- 

ether (BCIE) . 
BCIE has produced mtagenic effects in two bacterial test systms (Sal- 

monella and E. &) but has failed to show mutagenicity in one m m a i i a n  

study 0 

No information is available on the teratogenic or adverse reproduc+Ave 

effects of BCIE. 

Chronic exposure to BCIE has produced Liver damage in animals. 

Data on the toxicity of bis(2-chlomisopropyl)ether to aquatic organ- 

isms are not available. 

I 



. 

I. LMRoWmoN 

T h i s  profile is based on the Ambient Water Quality Criteria Document 

for. Chlomalkyl Ethers ( U S .  F A ,  1979a). 

The chlomalkyl ethers are cnmpounds in which a hydrogen atom in one o r  
Bgs(2- both of the aliphatic ether chains are subs t i t u t ed  with chlor ine.  

chlomisopmpy1)ether  (BCIE, molecular weight In. 07) is a colorless l i q u i d  

a t  room temperature w i t h  a bo i l ing  point  of 187-188% a t  760 mm H$- The 

canpound is prac t i ca l ly  insoluble  i n  water but is miscible w i t h  organic sol- 

. vents. 

The c h l o h l k y l  ethers have a wide var ie ty  of i n d u s t r i a l  and laboratory 

uses i n  organic synthesis, treatment o f  t e x t i l e s ,  the  manufacture of poly- 

mers and insectfcides, as degreasing agents, and i n  the preparat ion o f  ion 

exchange resins ( U S .  P A ,  1979a). 

The beta-chloroalkyl ethers, l i k e  BCIE, are more stable i n  aqueous sys-’ 

For addi- tern than the  alpha-chlomalkyl ethers, which decmoose rapidly.  

t i o n a l  informatian regarding the chloroalkyl  ethers as a class, the reader . 

is referred t o  the Hazard Profile on Chloroalkyl EL’rers ( U S .  €PA, 197%). 

11. MPOSURE 

The. beta-chlomalkyl  ethers have been monitored i n  water. I n d u s t r i a l  

discharges from chemical plants involved i n  the manufacture of glycol  pm- 

ducts, rubber, and i n sec t i c ides  may present  high e f f l u e n t  levels (U.S. @A, 

1979a). The  highest  concentration o f  BCIE monitored i n  dr inking water by 

the U S .  €?A (1975) was reported as 1.58 AJg/l. 

The concentrat ions o f  ch lomalky l  ethers i n  foods have not been moni- 

tored. The beta-chloroalkyl ethers, however, due t o  their relative s & b i l i -  

ty and low water solubif i ty ,  may have a hiSh tendency t o  be bioaccrmnrlated. 

.; , ‘i ’ ,. . . <  
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The U.S. €PA (197%) has estimated t h e  weighted average bioconcentration 

f ac to r  f o r  bis(2-chlomisopmpyl)ether t o  be 106 f o r  the edible por t ions  of 

f i s h  and s h e l l f i s h  consumed by Americans. This estimate is based on the 

octanollwater p a r t i t i o n  caef f ic ien t .  

111. PHARMACOKINETICS 

A. Absorption 

Experiments with radio-labeled 8CIE have indica ted  t h a t  the cm- 

pound is readily absoaed  followLig oral adminis t ra t ion (Smith, e t  al. 

1977). No information on inha la t ion  or  dermal absorpuon o f  the chLomalky1 

ethers is avai lab le  (U.S. @A, 1979a). 

B. Dis t r ibut ion 

Species differences t h e  d i s t r i b u t i o n  o f  radio-labeled 8CIE have 

been reported by Smith, e t  al. (l.977). Monkeys retained higher amounts o f  

rad ioac t iv i ty  in t he  liver, muscle, and brain than did rats. Urine and ex- 

p i r e d  a i r  fmm monkeys a l so  contained higher l e v e l s  o f  r ad ioac t iv i ty  than 

those determined i n  the rat. Blood levels o f  SCIE i n  monkeys reacned a peak 

within 2 hours following o r a l  adminis t ra t ion and then decl ined i n  a biphasic  

manner ( t 1/2 = 5 hours and 2 days, respec t ive ly) .  

C. Metabolism 

Urinary metaoolites of labeled eCIE iden t i f i ed  i n  s tud ie s  with z a t s  

included l-chlom-Z-pmpanol, pmpylene oxide, 2-( l-methyl-Z-chloro-ethoxy ) 

prupionic acid,  and carbon dioxide ( S m i t h ,  e t  al. 1977). 

0. Excretion 

Smith, e t  al. (1977) found that in the rat, 63.36 percent,  5.37 

percent,  and 15.96 percent of a 30 mg or#ly-sdministered dose of  BCIE were 

recavered af te r  7 days i n  the urine,  feces, and exoired air, respec6vely. 

In the  monkey, the carresponding figures were 28.61 percent ,  1.19 percent ,  

and 0 gercznt,  zesgectively . 

2' 



IV. EFFEI3s 

A. Carcinogenicity 

Preliminary results of an NCI carcinogenicity bioassay indicate 

that o r a l  administration of BCIE does not pmduce an increase in tumor inci- 

8. Mutagenicity 

Testing of BCIE i n  the h e s  Salmonella assay and in E. have 

indicated that the canpound shows mutagenic a c t i v i t y  ( U S .  EPA,  197%). 

BCIE did not show mutagenic effects i n  the murine heritable t ranslocat ion 

test (Jargensm, e t  al. 19n) 

C. Teratogenicity and Other Repmductive Effects 

Pert inent  data could not be located in the  ava i l ab le  literature. 

0. Chronic Toxicity 

Chronic o r a l  exposures of mice t o  8CIE pmduced cent r i lobular  liver 

necrosis i n  mice. The major effects i n  rats were pulmonary congestion and 

pneumonia ( U S .  €?A, 197%). 

E. Other Relevant Information 

Several chloroalkyl ethers show i n i t i a t i n g  a c t i v i t y  and therefore  

may i n t e r a c t  w i t h  o ther  agents t o  produce skin papillcms ( V a n  Ouuren, et  

al. 1969, 1972); however, data specific t o  aCIE is not avai lable .  

V. AQUATIC TOXICITY 

Pert inent  data could not  be located i n  the avai lable  l i t e r a t u r e .  

V I .  METING GUIDELDJES AN0 STANDARDS 

Neither the human heal th  nor the aquatic criteria derived by U.S. €PA 

(1979a), which a re  summarized below, have gone through the pmcess of public 

review; tclerefore, there is a poss ib i l i t y  t h a t  these criteria w i l l  be 

changed. 

a 
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A. HLnnan 

BCIE is an isomer o f  a group of chloroalkyl  &hen which have been 

shown to have--carcincgenic poten t ia l .  BCIE has been shown t o  be mutagenic; 

however, definitive proof of carcinogenici ty  has not been demonstrated. The 

available data Is present ly  under review and a d e f i n i t i v e  determination as 

t o  the carcinogenicity or' t h i s  isomer cannot be made a t  t h i s  time. 

. 8. Aquatic 

No draft criteria t o  pmtect fish and saltwater aquat ic  organisms 

fm bis(2-chlomisopmpyl)ether t o x i c i t y  have been derived ( U S .  P A ,  l.979). . 

a- 
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DISCLAIMER 

This report  represents  a survey of the p o t e n t i a l  h e a l t h  
and environmental hazards from exposure to the s u b j e c t  chemi- 
ca l .  The information contained in the  report  is &awn c h i e f l y  
from secondaty sources  and a v a i l a b l e  reference  documents. 
Because of the  l i m i t a t i o n s  of such s o u r c e s ,  this short profile 
may not reflect all available i n f o m a t i o n  inc luding a l l  the  
adverse h e a l t h  and environmental impacts presented by the  
s u b j e c t  chemical .  This  document has undergone s c r u t i n y  to 
ensure its t e c h n i c a l  accuracy.  
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SPECIAL NOTATION 

U.S. EPA’ s Carcinogen Assessment Group (CAG) has  evaluated 

bis( chlotome’thy1)ether and h a s  found s u f f i c i e n t  ev idence  to 

i n d i c a t e  t h a t  this compound is  carc inogen ic .  

. 
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BIS( C H t 0 R O M E T H Y L ) m  

S m a r y  

ais(chloromethy1)ether (8CME) has been shown to  pmduce tumors i n  ani- 

mals following administzation by subcutaneous i n j e c t i o n  , inha la t ion ,  o r  der- 

m a l  appl icat ion.  Epidemiological s t u d i e s  of workers in the United States, 

Gennany, and Japan who were exposed t o  SCME and c h l o m e t h y l  methyl ether 

(WX) i n d i c a t e  tha t  these compounds are human re sp i r a to ry  carcinogens. 
- -  

3GE has pmduced mutagenic effects i n  the  Ames' Salmonella assay and - I  

i n  E, a. Increased cytogenet ic  abnormali t ies  have been observed in the 

lymphocytes of workers exposed t o  BCME and (ME;  t h i s  effect appeared t o  be 

reversible. 

Then? is no ava i l ab le  evidence t o  i n d i c a t e  that  the chloroalkyl ethers 

produce adverse reproductive effects o r  te ra togenic  effects. 

Information has not  been found on the t o x i c i t y  of bis(chloromethy1) 

ether t o  aquatic organisms. The hazard profiles on the haloethers  and the 

ch loroa lkyl  ethers should be consulted f o r  the t o x i c i t y  of related compounds. 



8IS( CHLOROETHYL )€THE3 

I. INTRODUCTION 

This profile is based on t h e  Ambient 'darer Qua l i ty  C r i t e r i a  Oocwnent 

for ChloroaIkyl Ethers (U.S. €PA, 1979a). 

Tne ch lomalky l  e the r s  are compounds i n  which hydrogen atoms i n  one o r  

both of the aliphatic ether cha ins  are subs t i t u t ed  with chlor ine.  'ais- 

(chlommethyl)ether ,  (=ME; molecular weight 115.0), is  a c o l o r l e s s  l iGuid 
- -  

a t  mom temperature w i t h  a bo i l ing  poin t  of l O 4 O C  a t  760 mm Hg, and a den- 
4 

sity o f  1.328. 

b l e  w i t h  ethanol,  ether, and many organic  so lvents  (U.S. EPA,  197%). 

The compound immediately hydmlytes i n  water, but is misci- 
. 

The chlomalkyl ethers have a wide variety of i n d u s t r i a l  and laboratory 

uses  i n  organic synthesis ,  t e x t i l e  treatment,  the manufacture of polymers 

and in sec t i c ides ,  the preparat ion of ion  exchange -sins,  and as degreasing 

agents (U.S. P A ,  197%). 

while SCME is very unstable  i n  water, i t  appears t o  be relatively sta- 

fpontanecus formation of 3 C E  b l e  i n  the atmosphere (Tou and Kallos, 197a). 

occurs i n  the  presence of  both hydrogen cn lor ide  and formaldehyde (Frankel,  

e t  al. 1974). For addi t iona l  i n fomat ion  r q a r d i n g  the  ch lomalky l  erhers 

i n  general ,  t h e  reader is referred t o  t h e  EoA/ECAO Hazard P r o f i l e  on Chloro- 

al!ql Ethers ( U S .  EPA,  197%). 

11. EXPOSURE 

As m i g h t  be expected from the r e a c t i v i t y  of 6CME.in water, monitoring 

Human exposure Sy innala- studies have not detected its presence i n  water. 

t i o n  appears t o  be cmf ined  t o  occupational s e t t i n g s  (U.S. EPA, 197%). 

Data f o r  human exposure t o  ch lomalkyl  ethers Sy inges t ion  of food e is 

not  ava i l ab le ,no r  is data re levant  t o  hman dermal exposure t o  chlcralkyl 

ethers (US. P A ,  1979a). 



The U.S. P A  (1979a) has estimated t h e  weighted average bicconcEntra- 

t i o n  f a c t o r  for B U E  t o  be 31 f o r  . the . ed ib le  po r t ions  of fish_ and s h e l l f i s h  

nnsumed by Americans. This es t imate  --. is based on the  o c t a n o l h a t e r  p a r t i -  
. .  

t i o n  coe f f i c i en t .  

111. PHARMACOKINETICS 

There is no s p e c i f i c  information r e l a t i n g  t o  the  absorpt ion,  d i s t r ibu -  

in aqueous systems, it is d i f f i c u l t  

e. Lion,  metabolism, o r  sxc re t ion  of ECNE (U.S. F A ,  1979a). Secause of .<he. 

high r e a c t i v i t y  and i n s t a b i l i t y  of 

t o  genesate p h m c o k i n e t i c  parameters. . 
I V .  EFFECTS 

A. Czminogenici ty  

BCME h a s  been shown t o  produce tumors i n  several animal systems. 

Inha la t ion  exposure of  male rats t o '  Bm produced malignant r e sp i r a to ry  

tract  tumors (Kuschner, e t  al. 19751, while dermal apo l i ca t ion  t o  mouse sk in  _ _  

led t o  the appearance o f  s k i n  tumOiS (Van Duuren, e t  a l .  196a). Adninistra- 

t i o n  of ECME t o  newcorn mice by inges t ion  has been shown t o  increase  :be 

incidence o f  hepatoce l lu la r  carcinomas i n  males (Innes,  e t  a l .  1969). 

Epidemiological s t u d i e s  o f  workers i n  the Linited States, Germany, 

and Japan who were occupat ional ly  exposed t o  BCRE and CYME have ind ica ted  

tha t  these canpounds are human re sp i r a to ry  carcinogens (U.S. ?A, 197?a!. 

ECME has been saown t o  accelerate the rate of lung tumor r'ormacicn 

in s t r a i n  A mice following inha la t ion  exposure (Leong, e t  a l .  1971). 8CyE 

has a l s o  shown a c t i v i t y  as  a tumor i n i t i a t i n g  agent  fo r  mouse sk in  (Slaga,  

e t  al. 1973). 

a. Mutagenicity 

Test ing of the  ch lomalky l  ethers i n  t h e  Ames Salmonella assay and 

i n  E. 
E?&, ?979a). 

have indica ted  tha t  5CE produced direct mutagenic e f f e c t s  (U.S. 



. .. 

The results of a study on the  incidence of cy togenet ic  abe r ra t ions  

i n  the lymhocytes  of workers exposed t o  BCME and CclVE i nd ica t e  higher fre- 

quencies i n  t h i s  cohort .  Follow-up ind ica t e s  that removal of workers f rc ;m 

exposure led t o  a decrease in the  frequency o f  abe r ra t ions  (Zudova and 

Landa, 19T I ) .  

C. Teratogenici ty  and Other Rqroduc t ive  Effects 

Pe r t inen t  data could not be located i n  the  ava i l ab le  l i t e r a c u r e  

regarding t e ra togen ic i ty  and o ther  reproduct ive e f f e c t s .  

0. Chronic Toxicity 

Chronic occupational exposure t o  CMME contaminated with 8% has 

pruduced b ronch i t i s  i n  warkers ( U S .  €PA, 1979a). C iga re t t e  smoking has  

been found t o  act syne rg i s t i ca l ly  with t h i s  type of exposure t o  pmduce 

b ronch i t i s  (Weiss, 1976, 1977). 

E. Otfier Relevant Information 

The i n i t i a t i n g  activity o f  several chlcroalkyl ethers i n a i c a t e s  

t h a t  these comounds w i l l  i n t e r a c t  wi th  o ther  agents  t o  produce sk in  p a d -  

lomas (Van Duuren, e t  al. 1969, 1972). 

V. AQUATIC TOXICITI 

Per t inent  information cculd not be found i n  t h e  ava i l ab le  l i t e r a t u r e  

regarding aquat ic  t o x i c i t y  for  freshwater or marine saecles. 

V I .  E X I S T I N G  G U I G E L I N E S  AND STANOAROS 

Neither the  human health nor t h e  aquat ic  c r i t z r i a  cerived by U.S. E% 

(l979a) which are summarized below, have gone through ttre orocess  o f  publ ic  

review; therefore ,  there is a p o s s i b i l i t y  t h a t  these c r i t s r ia  w i l l  be 

changed. 0 

A .  Human 

Based on animal carcinogenesis  data, and using 3 l i n e a r ,  non- 

thr9shold model, the U.S. P A  (i979a) has recommended a naxinum oemissible -- I 



* 

concentrat ion or' 6 C X  for ingested water a t  .02 ng/l. Assuming water is the 

only Source of exposure, compliance t o  t h i s  l e v e l  should l i m i t  the  risk car- 

cinogenesis  t o  not  more than 10''- 

Based on animal s tud ie s ,  t he  a-hour, time-weighted threshold limit 

value (TLV-TWA) has been recommended f o r  BC'JIE as one ppb by t he  American 

Conference o f  Governmental and I n d u s t r i a l  Hygienists (1978). 

6. Aquatic 

4 Cr i t e r ion  f o r  the pro tec t ion  of freshwater o r  marine aquat ic  organ- 

isms were not  drafted due t o  lack of toxicological 'evidence.  

. 
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DISCLAIMER 

This report r e p r e s e n t s  a s u r v e y  of t h e  p o t e n t i a l  h e a l t h  
and env i ronmen ta l  h a z a r d s  from exposur s  t o  t h e  s u b j e c t  chemi- 
cal .  T h e  i n f o m a t i o n  c o n t a i n e d  i n  the report  is drawn c h i e f l y  
f tom secondary  s o u r c e s  and a v a i l a b l e  r e f e r e n c e  documents. 
Because of the  l i m i t a t i o n s  of such  sources, t h i s  short p r o f i l e  
may n o t  reflect  all a v a i l a b l e  i n f o m a t i o n  i n c l u d i n g  all t he  
adverse health and env i ronmen ta l  impacts  p r e s e n t e d  by t h e  
s u b j e c t  chemical. T h i s  document has undergone s c r u t i n y  t o  
e n s u r e  its technical accu racy .  
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BIS- (2-ETHYLEEXYL) PHTHALATE 

SrnJMARY 

gis-'(-2-ethylhexyl) phthalate has been shown to produce 

mutagenic effects in the Ames Salmonella assay and in the 

dominant lethal assay. 

Teratogenic effects in rats were reported following 

interperitoneal (io?.) administration and oral administra- 

tion of bis-(2-ethylhexyl)phthalate. Additional reproductive 

effects produced by bis-(2-ethylhexyl)phthalate include 

impaired implaktation and parturition, and decreased fertility 

in rats. 

have been reported in rats, following i.p. or oral adminis- 

tration, and in mice, given bis-(2-ethylhexyl)phthalate 

Testicular damage and decreased spermatogenesis 

b'y oral intubation. 

Evidence has not been found indicating that bis-(2- 

ethylhexyllphthalate has carcinogenic effects. Chronic 

animal feeding studies of bis-(2-ethylhexyl)phthalate have 

shown effects on the liver and kidneys. 
, 

!3is-(2-ethylhexyl) phthalate is acutely toxic to fresh- 

water invertebrates at a concentration of 11,000 Pg/l. 

The same species has been shown to display severe reproduc- 

tive impaitment when exposed to concentrations less than 

3 ps/l. 

. .  

. ., , . . . .  .. . . 
I I- 
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BIS- (2-ZTBYLIEEXYL) PETHALATZ 

I. INTRODUCTION 

T h i s  p r o f i l e  is based on t h e  Ambient Water Q u a i i t y  

Cr i t e r i a  Document for P h t h a l a t e  E s t e r s  (U.S .  EPA, 1979). 

Bis-(Z-ethylhexyL)phthalate, most commonly r e f e r r e d  

t o  as Gi-(2-ethylhexyl)phthalate, (DEHP) is a diester o f  

t h e  o r t h o  form of benzene d i c a r b o x y l i c  acid. 

has a molecular  we igh t  of 391.0, s p e c i f i c  g r a v i t y  of 0,985, 

b o i l i n g  p o i n t  of 386.9OC a t  5 m Hg, and is i n s o l u b l e  i n  

water (U.S. EPA, 1979). 

The compound 

DEEiP is wide ly  used as  a p l a s t i c i z e r ,  p r i m a r i l y  i n  

t h e  p r o d u c t i o n  o f  p o l y v i n y l  c h l o r i d e  (PVC) resins.  As much 

as  6 0 . p e r c e n t  by we igh t  of PVC materials may be p l a s t i c i z e r  

(U.S. EPA, 1979). Through t h i s  usage ,  DEHP is i n c o r p o r a t e d  

i n t o  such  p r o d u c t s  as wire and cable c o v e r i n g ,  floor t i l e s ,  

swiqming pool l i n e r s ,  u p h o l s t e r y ,  ana  seat  c o v e r s ,  f o o t w e a r ,  

and food- and medical packaging materials ( U . S  I n t e r n a t i o n a l  

Trade  Commission, 1978) .  
G 

In 1977,  c u r z e n t  p o d u c t i o n  was 1 . 9 4  x io' t ons /yea r  

(U.S. EPA, 1979). 

P h t h a l a t e s  have been d e t e c t e d  i n  s o i l ,  a i r ,  and water 

samples; i n  a n i m a l  and human t i s s u e s ;  and i n  c e r t a i n  vege ta-  

t i o n .  Evidence from -- i n  v i t r o  s t u d i e s  i n d i c a t e s  t h a t  certain 

bacterial f l o r a  nay be c a p a b l e  of m e t a b o l i z i n g  p n t h a l a t e s  

t o  t h e  monoester form ( E n g l e h a r d t ,  e t  a l .  1975). 

. 
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11. EXPOSURE 

P h t h a l a t e  esters appear  i n  a l l  areas of  t h e  envi ron-  

Environmental  release of  t h e  p h t h a l a t e s  may occur  ment. 

th rough l e a c h i n g  of p l a s t i c i z e r s  from PVC materials ,  vo la-  

t i l i z a t i o n  of p h t h a l a t e s  from PVC materials, and t h e  i n c i n e r -  

a t i o n  of PVC items. Sources  of human exposure  to  p h t h a l a t e s  

i n c l u d e  contaminated  foods  and f i s h ,  and p a r e n t e r a l  adminis-  

t r a t i o n  by use of PVC blood bags ,  t u b i n g s ,  and i n f u s i o n  

d e v i c e s  (US. EPA, 1979). 

Monitor ing s t u d i e s  have i n d i c a t e d  t h a t  p h t h a l a t e  concen- 

t r a t i o n s  i n  water are m o s t l y  i n  t h g  ppm r ange ,  or 1-2 ) I g / l i t e r  

( U . S .  EPA, 1979). A i r  l e v e l s  of p h t h a l a t e s  i n  closed rooms 

t h a t  have PVC t i les  have been r e p o r t e d  t o  be 0.15 t o  0.26 

mg/m3 ( P e a k a l l ,  1975). 

a i r  l e v e l s ' o f  p h t h a l a t e s  from 1.7 to  6 6  mg/m3 (Milkov,  e t  

a l .  1973). Leve l s  of DEHP have ranged from n o t  detect-  

ab le  t o  68 ppm,in f o o d s t u f f s  ( T o m i t a ,  e t  a l .  1977). 

m i l k ,  f i s h  and s h e l l f i s h  p r e s e n t  p o t e n t i a l  s o u r c e s  of h i g h  

p h t h a l a t e  i n t a k e  (U.S. EPA, 1979). 

exposure  of p a t i e n t s  t o  DEEP d u r i n g  u s e  of PVC medical a p p l i -  

ances  have i n d i c a t e d  approx ima te ly  IS0 mg DEEIP exposure  

from a s i n g l e  hemodia lys i s  cour se .  An a v e r a g e  of 33 mg 

DEEP ex;?osure is p o s s i b l e  d u r i n g  open hear t  s u r g e r y  (U.S. 

I n d u s t r i a l  mon i to r ing  h a s  measured 

Cheese,  

Estimates of p a r e n t e r a l  

EP.9, 1979). 

The U.S. EPA (1979) h a s  estimated t h e  weighted average 

b i o c o n c e n t r a t i o n  fac tor  for DEHP t o  be 95 f o r  t h e  ed ib l e  

p o r t i o n s  of f i s h  and s h e l l f i s h  consumed by Americans.  This 

000323 
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estimate is based on the measured steady-state bioconcentra- 

tion studies in fathead minnow. 

111. PHAXMACOKINETICS 

A. Absorption 

The phthalates are readily absorbed from the intes- 

tinal tract, the peritoneal cavity, and the lungs ( U . S .  

EPA, 1979). 

following oral admrnistration of radiolabelled DEEP, 42 

percent of the dose was recovered in the urine and 57 per- 

cent recovered in the feces of rats. Bilary excretion of 

orally administered DEEP has been noted by Wallin, et al. 

(1974). 

cent of orally administered DEEIP was recovered in the urine 

of volunteers within 24 hours (Shaffer, et al. 1945). 

Daniel and W a t t  (1974) found that seven days 

V 

Limited- human studies indicate that 2 to 4.5 per- 

Lake, 

lates are absorbed after metabolic conversion to the mono- 

ester form in the gut. 

Dermal absorption of DEHP in rabbits has been 

reported at 16 to 20 percent of the initial dose within 

three days following administration (Autian, 1973) . 
B. Distribution 

Studies in rats injected with radiolabelled DEHP 

have shown that 60 to 70 percent of the administered dose 

was deeected in the liver and lungs within 2 nours after 

administration (Daniel' and Bratt, 1974). Wadell, et al. a 

(1977) have reported rapid accumulation of labelled DEYP 

in the kidney and liver of r a t s  after i.v. injection, f o l -  

lowed by rapid excretion into the urine, oile, ana intes- 

1 



tine. 

DEHP to mice, levels of compound were found preferentially 

Seven days after i.v. administration of labelled 

i n  the lungs and to a lesser extent in the brain, fat, heart 

and blood (Autian, 1973). 

An examination of tissue samples, from two deceased 

patients who had received large volumes of transfused blood, 

detected DEHP in the spleen, liver, lungs, and abdominal 

fat (Jaeger and Rubin, 1970). 

Injection of pregnant rats with labelled DEHP . 

has shown that the compound may cross the placental barrier 

(Singh, et al. 1975). 

C. Metabolism 
I 

Various metabolites of DEHP have been identified I 

I 
I following oral feeding to rats (Albro, et al. 1973). 

results indicate that DEXP is initially converted from the 

diester to the monoester, followed by the oxidation of the 

These 
I 

I 

monoester side chain forming two different alcohols. 

alcohols are oxidized to the. corresponding carboxylic acid 

The 
b 

or ketone. 

may take place i n  the liver or the gut (Lake, et al. 1977). 

This enzymatic conversion has been observed in stored whole 

blood indicatlng widespread distribution ,of metabolic activ- 

ity (Rock, et al. 1978). 

0. Excretion 

Enzymatic cleavage of DEHP to the monoester 

Excretion of orally administered DEHP is virtually 

complete i n  the rat within 4 days (Lake, et al. 1975). 
b 

Major excretion is through the urine ana feces, with biliary 
. .  . 

-- 
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e x c r e t i o n  i n c r e a s i n g  t h e  c o n t e n t  of DEHP (or metabolites) 

i n  t h e  i n t e s t i n e  (U.S. EPA, 1979). 

have no ted  an i n c r e a s e  i n  t o t a l  water s o l u b l e  metabolites 

of label led DEBP i n  t h e  f i r s t  24 h o u r s  f o l l o w i n g  i n j e c t i o n  

i n t o  ra ts .  

found i n  t h e  l i v e r ,  i n t e s t i n e s  and u r i n e .  

5 4 . 6  p e r c e n t  was recove red  i n  t h e  i n t e s t i n a l  t ract ,  e x c r e t e d  

f e c e s  and u r i n e ,  and o n l y  20.5 p e r c e n t  was r ecove red  i n  or- 

g a n i c  e x t r a c t a b l e  form. Blood loss of  DEHP showed a b i p h a s i c  

p a t t e r n ,  w i t h  h a l f - l i v e s  o f  9 minu te s  and 22 m i n u t e s ,  r e spec -  

t i v e l y  (Schu lz  and Rubin,  1973). 

IV. EFFECTS I 

Schu lz  and Rubin (1973) 

Within  one hour ,  e i g h t  p e r c e n t  o f  t h e  DEHP w a s  . 

Afte r  24 h o u r s ,  

A. C a r c i n o g e n i c i t y  

P e r t i n e n t  data  cou ld  n o t  be l o c a t e d  i n  t h e  a v a i l -  

able l i t e r a t u r e .  

B. Mutagen ic i ty  

T e s t i n g  of DEHP i n  t h e  Ames Sa lmone l l a  a s s a y  h a s  

shown no mutagenic  e f fec ts  (Rubin ,  e t  a l .  1979). Yagi, 

et al. (1978) have i n d i c a t e d  t h a t  DEHP is n o t  mutagenic  

i n  a recombinant  s t r a i n  of B a c i l l u s ,  

b o l i t e  of DESP d i d  show some mutagenic  effects .  

of a dominant l e tha l  a s s a y  i n  mice i n d i c a t e  t h a t  DEEP h a s  

a dose ana t i m e  dependent  mutagenic  e f f e c t  (S ingh ,  e t  a l .  

b u t  t h e  monoester  meta- 

R e s u l t s  

1974). 

C. T e r a t o g e n i c i t y  b 

DESP nas been shown t o  produce t e r a t o s e n i c  e f f e c t s  

i n  r a t s  f o l l o w i n g  1.2. a d m i n i s t r a t i o n  iS ingh ,  e t  a l .  1972). 

d -- 
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Following oral administration there was a significant reduc- 

tion in fetus weight at 0.34 and 1.70 g/kg/day. 

D. .Other Reproductive Effects 

Effects on implantation and parturition have been 

observed in pregnant rats injected intraperitoneally with 

DEHP (Peters and Cook, 1973). 

duction study in rats has indicated decreased fertility 

in' rats following.materna1 treatment with DEHP (Industrial 

Bio-Test, 1978). 

A three-generation repro- 

Testicular damage has been reported in rats ad- 

ministered DEHP i.p. or orally. 

degeneration of the seminiferous tubules and changes in 

spermatagonia; testicular atrophy and morphological damage 

were noted in rats fed DEHP (Gray, et al. 1977; Yamada, 

Seth, et al. (1976) found 

et al, 1975). Otake, et al. (1977) noted decreased sperma- 

togenesis in mice administered DEHP by intubation. 

E. Chronic Toxicity 

Oral feeding of DEXP produced increases in liver 

and kidney weight in several animal studies ( U . S .  EPA, 1979). 

Chronic exposure to transfused blood containing DEHP has 

produced liver damage in monkeys (Revy, et al. 1978). Lake, 

et al. (1975) have produced liver damage in rats by adminis- 

tration of mono-2-ethylhexyl phthalate. 

F. Other Relevant Information 

Severs1 animal studies have demonstrated that 

pre-treaL.7ent of rats witk DEBP groduced an increase in 

hexooarbltal sleeping times (Daniel and aratt, 1974; Rubin 

and Jaeger, 1973; Swinyara, et al. 1976). 



V.  AQUATIC TOXICITY 

A. Acute T o x i c i t y  

Only one acute study on the freshwater cladoceran 

(Daphnia magna) has produced a 96-hour static LCs0 value 

of 11,000 )rg/l (U.S. EPA, 1978). 

data have not been found in the literature. 

5 .  Chronic Toxicity , 

Freshwater fish or marine 

Chronic stueies involving the rainbow trout (Salmo - 
gairdneri) provided a chronic value of 4.2 Fg/l in an embryo- 

larval assay (Mehrle and Mayer, 1976). Severe reproductive 

impairment was observed at less than 3 pg/l in a chronic - DaDhnia magna assay (Mayer and Sanders, 1973). 

C. Plant Effects 

Pertinent information could n o t  be located in 

the available literature. 

D. Residues 

Bioconcentration factors have been obtained for 

several species of freshwater Organisms: 54 to 2,680 for 

the scud (Gamarus useuaolimnaeus); 14 to 50 for  the sowbug 

( A s c e l l u s  brevicaudus); 42 to 113 for the rainbow trout 

(Salmo - gairdneri) ; and 91 to 886 for t h e  fathead minnow 

(Pimephales promelas) (U.S. EPA, 1979). 

VI. EXISTING GUIDELINES AND STANDARDS 

Neither the .human health nor the aquatic criteria derived 

by U.S. EPA (1979), which are summarized below, have gcne 

through the process of public review: therefore, there is 

d possibility that these critaria will be changed. 

b 



a 

e 

A. Human 

Based on "no e f f e c t "  levels observed i n  c n r o n i c  

feeding  s t u d i e s  i n  r a t s  or dogs , , the  U.S. E?A h a s  c a l c u l a t e d  

an accep tab le  d a i l y  i n t a k e  (ADI) l e v e l  f o r  DEHP of 42 mg/day. 

The recommended water q u a l i t y  c r i te r ia  l e v e l  for 

p r o t e c t i o n  of human h e a l t h  is 1 0  mg/l f o r  DEEP ( U . S .  EPA, 

1979). 

B. Aquatic  

C r i t e r i o n  was n o t  draf ted f o r  either f r e shwa te r  

o r  marine environments due to  i n s u f f i c i e n t  data. 

I 
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DISCLAIMER 

T h i s  r e p o r t  r e p r e s e n t s  a s u r v e y  of t h e  p o t e n t i a l  health 
and envi ronmenta l  hazards from exposure t o  t h e  s u b j e c t  chemi- 
cal .  The i n f o m a t i o n  conta ined  i n  t h e  r e p o r t  is drawn c h i e f l y  
from secondary  sources and a v a i l a b l e  reference documents. 
Because of t h e  l i m i t a t i o n s  of such sources, t h i s  short  p r o f i l e  
may n o t  r e f l e c t  a l l  a v a i l a b l e  i n f o m a t i o n  inc lud ing  a l l  t h e  
adve r se  h e a l t h  and environmental  impacts p re sen ted  by t he  
s u b j e c t  chemical. T h i s  document has  undergone s c r u t i n y  t o  
ensu re  its t e c h n i c a l  acearacy. 
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BROMO FORE1 

SUElMARY 

Bromoform h a s  been detected i n  f i n i s h e d  d r i n k i n g  water i n  

t h e  United States and Canada. 

h a l o f o r n  r e a c t i o n  t h a t  may occur  dur ing  water  c h l o r i n a t i o n .  

Bromoform can be removed from d r i n k i n g  water v i a  t r e a t m e n t  w i th  

a c t i v a t e d  carbon. 

s i g n i f i c a n t  q u a n t i t i e s  of bromoform. 

bromoform to accumulate  i n  t h e  aquat ic  env i ronnen t  because of i t s  

r e s i s t a n c e  t o  deg rada t ion .  

impor tan t  means of envi ronmenta l  t r a n s p o r t .  

I t  is b e l i e v e d ' t o  be forned by t h e  

N a t u r a l  s o u r c e s  ( e s p e c i a l l y  red a l g a e )  produce 

There is a p o t e n t i a l  f o r  

V o l a t i l i z a t i o n  is l i k e l y  t o  be an 

Bromoform gave p o s i t i v e  r e s u l t s  i n  mutagen ic i ty  tests wi th  

Salmonel la  tvphimurium TA100. In  a short- term i n  vivo oncogen- 

i c i t y  a s say  it caused a s i g n i f i c a n t  i n c r e a s e  i n  tunor  inc idence  

a t  one dose l e v e l .  

I n h a l a t i o n  of bromoform by humans can cause  i r r i t a t i o n  of 

t h e  r e s p i r a t o r y  t rac t  and l i v e r  damage. 

t he  primary cause of d e a t h  in. brcmoforn-related f a t a l i t i e s .  

Resp i r a to ry  f a i l u r e  is 

I. INTRODUCTION 

. This  p r o f i l e  is based p r i n a r i l y  on t h e  Ambient Water Q u a l i t y  

Cr i te r ia  document f o r  halomethanes (U.S. EPA 1979b) .  

Bromoform (tribromomethane: C H B r 3 )  is a c o l o r l e s s ,  heavy . 
l i q u i d  s imi l a r  i n  odor  and t a s t e  t o  chlorofcrm.  

t h e  fo l lowing  p h y s i c a l / c h e n i c a l  p r o p e r t i e s  .(Weast,  1 9 7 4  1 : 

Bromoform h a s  

. I 4  I , .  ~ 

.., ,. . 
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X o l e c u l a r  Weight: 252.75 

H e l t i n g  P o i n t :  8.3'C 

B o i l i n g  P o i n t :  

Va po r P r e s  s u r  e : 

S o l u b i l i t y :  s l i g h t l y  s o l u b l e  i n  water; 

. - - .  
l49 .5 'C ( a t  760 rnm Rg) 

1 0  mm R g  a1 3 4 ' C  . 

s o l u b l e  i n  a v a r i e t y  of  

o r g a n i c  s o l v e n t s .  

A rev iew of the p r o d u c t i o n  r ange  ( i n c l u d e s  i m p o r t a t i o n )  

s t a t i s t i c s  f o r  bromoform ( C A S  No. 75-25-2) which is l i s t e d  i n  t h e  

i n i t i a l  TSCA I n v e n t o r y  (1979a )  h a s  shown t h a t  between 1 0 0 , 0 0 0  and  

900,000 pounds of t h i s  chemica l  were produced/ impor ted  i n  1977.- */ 
Bromoform'is used as a chemica l  i n t e r m e d i a t e :  s o l v e n t  f o r  

waxes, g r e a s e s ,  and o i l s ;  i n g r e d i e n t  i n  f i r e - r e s i s t a n t  c h e m i c a l s  

and gauge f l u i d s  ( U . S .  ETA 1978a; Hawley, 1 9 7 7 ) .  

11. EXPOSmZE . 
A .  Environmenta l  Fate  

Bromoform g r a d u a l l y  decomposes on s t a n d i n g ;  a i r  ana' l i g h t  

a c c e l e r a t e  decomposit.ion (Windholz,  1 9 7 5 ) .  The vapor  p r e s s u r e  of  

bromoform, w h i l e  lower t h a n  t h a t  f o r  ch lo ro fo rm and o t h e r  ch lo ro -  

a l k a n e s ,  is, n o n e t h e l e s s ,  s u f f i c i e n t  to  e n s u r e  t h a t  v o l a t i l i z a -  

t i o n  will be an  i m p o r t a n t  means of e n v i r o n m e n t a l  t r a n s p o r t .  The 

*/ This  p r o d u c t i o n  r ange  i n f o r m a t i o n  does  n o t  i n c l u d e  any produb- 
t i o n / i n p o r t a t i o n  d a t a  c la imed as c o n f i d e n t i a l  by t h e  p e r s o n ( s )  
r e p o r t i n g  for t h e  TSCA I n v e n t o r y ,  nor does  i t  i n c l u d e  any 
i n f o r n a t i o n  w h i c h  would compromise C o n f i d e n t i a l  B u s i n e s s  
In fo rma t ion .  The d a t a  s u b m i t t e d  f o r  t h e  TSCA I n v e n t o r y ,  
i n c l u d i n g  p r o d u c t i o n  r ange  i n f o r m a t i o n ,  a r e  s u b j e c t  t o  t h e  
l i m i t a t i o n s  c o n t a i n e d  i n  t h e  I n v e n t o r y  R e p o r t i n g  R e g u l a t i o n s  
( 4 0  CFB 710) .  - -  

- 
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h a l f - l i f e  :or hyc2rolysis of bromoform is estimated a t  6 8 6  years. 

aromoforn should be much more r e a c t i v e  i n  t h e  atmosphere.  O x i -  

d a t i o n  by €IO r a d i c a l  w i l l  r e s u l t  i n  a h a l f - l i f e  of a few months 

i n  t h e  t roposphere  ( U . S .  E P A ,  1977) .  

a .  S i o c o n c e n t r a t i o n  

The b i o c o n c e n t r a t i o n  f a c t o r  f o r  bromoform i n  a q u a t i c  organ- 

isms t h a t  c o n t a i n  abou t  8% l i p i d  is es t ima ted  t o  be  48.  The 

weighted average b i o c o n c e n t r a t i o n  f a c t o r  f o r  bromoform i n  t h e  

e d i b l e  p o r t i o n  of a l l  a q u a t i c  organisms consumed by Americans is 

estimated to be 14 ( U . S .  EPA, 1979b) .  

C. Environmental  Occurence 

The Na t iona l  Organics  Reconnaissance Survey detected bromo- 

*form i n  t h e  f i n i s h e d  d r i n k i n g  water of  2 6  of 80 c i t i e s ,  with a 

maximum c o n c e n t r a t i o n  of 9 2  u g / l .  Over 90% of t h e  samples con- 

t a i n e d  5 ug/l  or less.  I10 bromoform was found i n  raw water 

samples (Synons e t  a l . ,  1975) .  S i m i l a r l y ,  t h e  EPA Region V 

Organics  Survey found bromoform i n  1 4 %  of t h e  f i n i s h e d  d r i n k i n g  

water samples and none i n  raw water ( U . S .  E P A ,  1975) .  Using a 

v a r i e t y  of sampling and a n a l y s i s  methods, t h e  i l a t i o n a l  Organic  

Plonitoring 'Survey found bromoform i n  3 o f  111, 6 o f  118, 38 of 

113, 1 9  o f  106, and 30 of  1 0 5  samples with mean c o n c e n t r a t i o n s  

ranging  from 12-28 ug/ l  ( U . S .  E P A ,  1978b) .  A Canadian survey of 

d r i n k i n g  water found 0-0 .2  ug/ l  with a median c o n c e n t r a t i o n  of 

0 . 0 1  ug/l  ( 9 e a l t h  and Welfare  Can., 1977) .  . 
The Na t iona l  Academy of Sc iences  (1978)  concluded t h a t  watcr  

c h l o r i n a t i o n ,  v i a  t h e  h a l o f o m  r e a c t i o n ,  r e s u l t s  i n  t h e  produc- 

t i o n  of t r i ha lomethanes  ( i n c l u d i n g  Sromoforn) from t h e  o r g a n i c  

000327 . .  p r e c u r s o r s  p r e s e n t  i n  raw water. 
I .  
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Significant quantities of bromoforn are also produced from 

natural sources, especially red algae. For example, the essen- 

tial oil of 'Asparagopsis taxiformis (a red marine algae eaten by 

Hawaiians) contains approximately 80% bromoform (Burreson et al.r 

1975) 

- .  
111. PBARMACOKIIIETICS 

Bromoform is absorbed t!!rough the lungs, gastrointestinal 

tract, and skin. 

in the liver to inorganic bromide ion. 

tissues and urine following inhalation or rectal administration 

of bromoform (Lucas, 1929). Metabolism of bromoform to carbon 

nonoxide has also been reported (Ahmed, 1977). Recent studies 

show khat ghenobarbital-induced rats metabolize bromoform to 

carbonyl bromide (COBr2), the brominated analog of phosgene 

-- et al., 1379). 

Some of the absorbed bromoform is metabolized 

Bromide is found in 

IV. HEALTH EFFECTS 

A. Carcinogenicity 

Bromoform caused a significant increase in tumor incidence 

at one dose level in a short-term in vivo oncogenicitg assay 

known as the strain A mouse lung adenoma test. The increase was 

observed at a dose of 48 mg/kg/injection with a total dose of 

1100 mg/kg. The tumor incidence was not increased significanfly 

at doses of 4 rng/kg (total dose of 72 rng/kg) o r  100 ng/kg (total 

dose cf 2400 ng/kg) (Tbeiss et al., 1977. 

U- 



B. M u t a g e n i c i t y  

Bromoform was mutagen ic  i n  S. t y o h i n u r i u m  s t r a i n  TA 1 0 0  

( w i t h o u t  metabolic a c t i v a t i o n )  (Simmon, 1977) 

C. O t h e r  T o x i c i t y  

R a t s  i n h a l i n g  250 mg/m3 bromoform f o r  4 hr /day  f o r  2 months 

developed impa i red  l i v e r  and k i d n e y  f u n c t i o n  (Dykan, 1962). 

I n  hunans ,  i n h a l a t i o n  o f  brom'oform causes i r r i t a t i o n  to  the 

respiratory tract. 

o n l y  headache ,  l i s t l e s s n e s s ,  and v e r t i g o .  

o f  reflexes, and  c o n v u l s i o n s  o c c u r  i n  s e v e r e  cases. 

c a u s e  o f  d e a t h  from a l e tha l  dose o f  bromoform is respiratory 

f a i l u r e .  Pathology i n d i c a t e s  t h a t  t h e  c h e m i c a l  causes f a t t y  

d e g e n e r a t i v e  and c e n t r o l o b u l a r  n e c r o t i c  changes  i n  t h e  l i v e r  

Mild cases o f  bromoform p o i s o n i n g  may cause 

U n c o n s c i o u s n e s s ,  loss 

The p r i m a r y  

( U . S .  PHS, 1 9 5 5 ) -  

Acu te  a n i m a l  s t u d i e s  i n d i c a t o  impa i red  f u n c t i o n  and 
- ? a t h o l o g i c a l  changes  i n  t h e  l i v e r  and k i d n e y s  o f  a n i m a l s  exposed 

t o  bromoform (Xutob  and Plaa,  1962;  Dykan, 1 9 6 2 ) .  

V. A Q U A T I C  EFFEC'ZS 

A. F r e s h  Water Organisms 

The 96-hr LCso ( s t a t i c )  i n  b l u e g i l l  s u n f i s h  is 29.3 mg/l. 

The 48-hr LCsO ( s t a t i c )  f o r  Daphnia  nauna is 46.5 ng/l .  The 96- 

h r  ECSOS f o r  c h l o r o p h y l l  A p r o d u c t i o n  and c e l l  number i n  S. 
C a p r i c o r n u t m  are  1 1 2  ng/ l  and 116 mg/l, r e s p e c t i v e l y  ( U . S .  EPA, . 
1978a). (See also S e c t i o n  iI.8.) 
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t larine Organisms B. 

The 6-hr LCs0 ( s t a t i  ) i n  sheepshead  ninr.ow is 17.9  ng/ l .  

The 96-hr L C i o  ( s t a t i c )  i n  mysid s h r i m p  is  20.7 mg/l. 

f o r  c h l o r o p h y l l  A p r o d u c t i o n  and ce l l  number i n  S. 

r e s p e c t i v e l y ,  12.3 mg/l and 11.5 mg/l (U.S. EPA, 1 9 7 8 a ) .  

The E C S O s  

costatum are ,  

VI. EXISTING GUIDELINES 

A. 

The 

a v e r a g e  

The 

Human 

OSHA s t a n d a r d  f o r  bromoform i n  a i r  is a time we igh ted  

TWA) o f  0.5 p,om (39CFR23540). 

Elaxirnum Contaminant  Level (XCL f o r  t o t a l  t r i h a l o m e t h -  

a n e s  ( i n c l u d i n g  b r o n o f o r n )  i n  d r i n k i n g  water h a s  been s e t  by t h e  

U.S. EP.4 a t  1 0 0  u g / l  (44FR68624). The c o n c e n t r a t i o n  of  bromoform 

produced by c h l o r i n a t i o n  can  be reduced  by t r e a t m e n t  o f  d r i n k i n g  

x a t e r  w i t h  powdered a c t i v a t e d  c a r b o n  (Rook, 11974) .  T h i s  is t h e  

t echno logy  t h a t  h a s  Seen p roposed  by t h e  EPA t o  meet t h i s  

s t a n d a r d .  

B. A q u a t i c  

The  proposed  ambient  water c r i t e r i o n  f o r  t h e  p r o t e c t i o n  

Eresh water aquatic l i f e  from e x c e s s i v e  b romofom e x p o s u r e  i 

Of 

8 4 0  

ug / l  as a 24-hour average. 

1900 uq/ l  a t  any t i m e .  The c r i t e r i o n  f o r  t h e  p r o t e c t i o n  o f  

mar ine  l i f e  is 1 8 0  u g / l  (24  h r  a v g ) ,  n o t  t o  exceed  1900 ug / l  

Bromoform l e v e l s  are n o t  t o  exceed  

(U.S. EPA, 1979b) .  

. -  
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DISCLAIMER 

T h i s  r e p o r t  r e p r e s e n t s  a s u r v e y  of t h e  p o t e n t i a l  hea l th  
and envi ronmenta l  hazards  from exposur2 t o  t h e  s u b j e c t  chemi- 
cal .  The i n f o m a t i o n  con ta ined  i n  t h e  r e p o r t  is drawn c h i e f l y  
from secondary sources  and a v a i l a b l e  r e f e r e n c e  documents. 
Because of the  l i m i t a t i o n s  of such s o u r c e s ,  t h i s  s h o r t  p r o f i l e  
may n o t  r e f l e c t  a l l  a v a i l a b l e  i n f o m c t i o n  inc lud ing  a l l  t h e  
adve r se  heal th  and envi ronmenta l  imoacts p re sen ted  by the 
s u b j e c t  chemical T h i s  document has undergone s c r u t i n y  t o  
e n s u r e  its t e c h n i c a l  accuracy .  
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BROMOMETHANE 

. .  

summary 

On acute exposure to bromomethane, neurologic-and psychiatric 

abnomalities say develop and 3ersist f o r  months or  years. 

no information on the chronic toxic i ty ,  CarcLnogenicity, or terato- 

genicit'l of bromomethane. aromomethane has been shown to b e  autagenic 

Thers Ls 

I 

ia the Ames S. typhimurlum t e s t  system. 

Acute L C j o  values have been reported i n  two t e s t s  a s  

11,000 pg/l for  a mar'ne and freshwater fish, respectively 

2,000 and 

. 
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BROMOMETHANE 

I. INTRODUCTION 

This profile- is based on the Ambient Xater QuaiiPI Criteria 

Document for blomethanes (U.S. EPA, 1979a). 

Bromomethane (CX3Br1 methyl bromide, monobromomethane, and 

embafume; molecular weight 94.94) is a colorless gas. Bromomethane 

has a melting 2oint of -93.6OC, a boiling point'of 3.56OC, a specific 

gravity of 1.676 g/ml at -2OoC, and a water solubillty of 17.5 g/l 

at 2OoC (Natl. Acad. Scl., 1978). Bromomethane has been widely used 

as a fmlgant, fire extinguisher, refrigerant, and insecticide (Kantarjian . 
and Shaheen, 1963). Today the major use of bromomethane is as a 

fumigating agent. Bromomethane I s  believed to be forned in nature, 

with the oceans as a primary source (Lovelock, 1975). 

inajor environmental source of bromomethane is from its agricdturai 

The other 

use 8s J s o i l ,  seed, Feed and space fumigant. F o r  additional information 

regarding #alomethanes as a class the reader is referred t o  the 

iIazard Proflle on HdLomethanes (U.S. :?A, 1979b). 

11. EXPOSURE 

A .  Macer 

The U.S. EPA (1975) has identified Sromomethane qualitatively 

i.? finished drinking uaters in the U.S. There are, however, no data 

on its concentration in drinkinq uater, caw water, or xaste water 

(U.S. EPA, 1979a). 

9. Food 

There is no infornation on the concentration of bromomethane 

in food. 3romomethane residues frore Pumigation decrease rapidly 
. 

thrmgh loss  t o  :he atmosphere and reaction with protein t o  f o m  

I 
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inorganic bromide residues. With proper aeration and product processing, 

most residual bromomethane w i l l  rapidly disappear due to methylation 

reactions and volatilization (Natl. Acad. Sci., 1978; Davis, et al.  

S A ,  1979a). 

1977). There are no bloconcentration data f o r  bromomethane (U.S. 

C. Inhalation 

Saltwater atmospheric background concentrations of bromomethane 

. averaging about 0.00036 mgfm3 have been reported (Crimsrud and Rarnssen, 

1975; Singh, et al. 1977). This is higher than reported average 

continental background and urban levels and suggests that the oceans 

are a major source of global bromomethane (Natl. Acad. Sci., 1978). 

Sromomethane concentrations of up to 0.00085 mq/m3 may occur outdoors 

, ' .' .1 t . .  

locally with light trafXc, as a result of exhaust containing bromomethane 

as a breakdown product of ethylene dibromj.de, which is used in leaded 

3a230line (Natl . Acad . Sci . , 1978 1 . 
111. PHARMAC3KINETICS 

A. Absorption 

Absorption of bromomethane most commonly occurs via the 

Icngs, although it can also occur through the 3astrcintestinal tract 

and the skin (Davis, et al. 1977; von Oettinqen, i 9 6 4 ) .  

8.  Distribution 

Upon absorption, blood levels of residual non-volatile 

bromide incrOase, indicating rapid uptake of bromomethane or its 

metabolites (Hiller and Zaggard, 19'43). 3romomet3ane is rapidly 

distributed to various tissues and is broken dcvn to inorganic bromidg. 

Storage, only as 3ramide8, accurs nainly in l i p i d - r i c h  tissues. I 



C. Metabolism 

Evidently the toxicity of bromomethane is nediated by the 

bromomethane molecule i tself .  

of sulfhydryl groups f n  critical cellular proteins and enzymes) 

results in disturbance of intracellular metabolic f;mCtiOnS, with 

irritative, irreversible, or paralytic consequences (Natl. Acad. 

Its reaction Wit3 tissue (methylation 

Sci.,' 1978; Davis, et al. 1977; Miller and Haggard, 19b3). 

D. Excretion 

Elimlnation of' bromomethane is rapid initially, largely 

through the lungs. The kidneys eliminate much of the remainder as 

Pertinent information rslztive to the carcinogenicity, teratogenicity 

or other reproductive effects, or chronic toxcity of bromomethane 

were not found in the availzble Literature. 
I 

A. MutagenLciV] 

Sicnnon and coworkers (1977) reported that Sromomethane was 

mutagenic to Salaonella C,yunimr:um strain TA100 uhen assayed in a 

dessicator whose atmosphere contained the test compound. Hetabolic 

activation was not required, and the number of revertants per plate 

xas directly dose-related. 

9. Other Relevant Information 

in several species, acute fatal poisoning has involved 

markad central nervous system disturbances uith a variety of manifestations: 

ataxia, twitching, convu1sions, coma, as W e l l  as changes in lung, l:v$r, 

. .. . _ _  - @ 
' ,  .. . 
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heart, and kidney tissues (Sayer, et al. 1930; Irish, et al. 1940; 

Gorbachev, et al. 1962; von Oettingen, 19641. Also, residual bromide 

in fumigated food has produced some adverse effects h dogs (Rosenblum, 

et al. 1960). 

V. AQUATIC TOXICITY 

Tuo acute toxicity studies on one freshwater and one w i n e  . '  

fish species were reported with LCso values of 11,000 MI?. f o r  freshwater 

bluegill (Lepomfs macroch;rus) and an LC50 value of 12,000 ~ g / 1  for 

the marine tidewater silveriides (Menidia beryllina) (U.S. EPA, 

1979a). 

or plant effects f o r  bromomethane were not found in the available 

Pertfnent information relative to aquatic chronic toxicity 

literature. 

VI. EXISTLNG GUIDELINES AND STANDAHDS 

Neither the human health nor the aquatic criteria derived by 

3.S. D A  (1979a1, which are summarized below, have gone :hrough the 

process of public review; therefore, there is a 2ossiSilfty that 

these criteria will be changed. 

A . ,  fiuman 

The curyent OSHA standard f o r  occupational exposur? co 

bromomethane ( 1976) is 80 q / m 3 ;  the American Conf'ersnce of Governmental 

Industrial Hygienist's (ACGf i I ,  1971) threshold limit x d u e  is 79 

ng/m3. The U.S. ZPA (1979a) draft water quality criteria for  bromomethane 

is 2 pg/L. 

of criteria derivaticn (U.S. EPA, 1979b). 

Refer to the Halomethane Hazard ?yof i le  for  discussion 

-* 
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8. Aquatic Toxicity 

The draft criterion f o r  protecting freshwater l i f e  is a 

24-hour average concentration of 140 pg/l, not to exceed 320 pg/l. 

The marine criterion is 170 pg/l as a 24-hour average, not to oxceed 

380 pg/l. 

I 
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, .  DISCLAIMER 

T h i s  r e p o r t  r e p r e s e n t s  a s u r v e y  of t h e  p o t e n t i a l  hea l th  
and environmental  haza rds  from exposure t o  t h e  s u b j e c t  chemi- 
c a l .  The i n f o m a t i o n  con ta ined  i n  t h e  r e p o r t  is drawn c h i e f l y  
f rom secondaty  sou rces  and a v a i l a b l e  r e f e r e n c e  documents. 
Because of t h e  l i m i t a t i o n s  of such  s o u r c e s ,  t h i s  s h o r t  p r o f i l e  
may n o t  re f lec t  a l l  a v a i l a b l e  in fo rma t ion  inc lud ing  a l l  t h e  
adve r se  h e a l t h  and envi ronmenta l  impacts  ? re sen ted  by t h e  
s u b j e c t  chemical. T h i s  document has  undergone s c r u t i n y  t o  
ensu re  its technical a c a r a c y .  
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4-Bromophenyl phenyl e t h e r  

Very l i t t l e  inr'ormatfon on 4-bromophenyl phenyl e t h e r  exists. h-Sromophenyl 

phenyl e t h e r  has been i d e n t i f i e d  in r a w  water, in drFnWng water and in r i v e r  

w a t e r .  

a s say ,  a s'nort-term ca rc inqgeu lc i ty  assay.  

several lmowa carcinogens also gave nega t ive  results. 

were a v a i l a b l e .  4-8romophenyl phenyl ether appears t o  be r e l a t i v e l y  t o x i c  

to f reshwater  a q u a t i c  l i f e :  

proposed. 

4-Bromophenyl phenpl e t h e r  has been t e s t e d  in t h e  pulmonary adenoma 

Although t h e  results w e r e  nega t ive ,  

No o t h e r  h e a l t h  effects 

a 24-hour average c r i t e r i o n  of 6.2 ug/L has been 

I. INTRODUCTION 

4-aromophenyl phenyl e t h e r  ( B S 6 X , b c 6 H s  ; molecular weight  249. 11 ) is a 

liquid a t  room temperature; it has t h e  following physical/chemical p r o p e r t i e s  

(Weasc 1972): 
X e l t i r r g  pofPt:  18.72OC 

a o u l n g  point :  3 1 0 ~ 1 4 ~ ~  (760 a) 
D e n s i t ? :  I i .420a20 

163 C (10 mm 33) 

S o l u b i l i t y :  I n s o l u b l e  in v a t e r ;  s o l u b l e  In e t h e r  

Xo information could be found on the u s e s  of  t h i s  substance. 

h r e v i e w  of t h e  production range ( inc ludes  importat ion)  statistics 

f o r  4-bromophenyl phenyl e t h e r  (CAS Xol 101-55-3) which is l i s t e d  in  t h e  ini t% 

TSCX Inventory (1979) has shown t h a t  between 0 and 900 pounds of t h i s  chemical 

*axe producedl inported in 1977. * 

This production range information does not  include a y  ?toduct  lon/ imporrat ion 
d a t a  claimed as c o n f i d e n t i a l  by t h e  ?erson(s)  r epor t ing  f o r  t h e  TSCII h v e n t o r y ,  
nor does it include any Fnformation which would compromise c o n f i d e n t i d  business 
i n f o m a t i o n .  The d a t a  submitted f o r  t h e  TSCA b v e n t o r v ,  including ptoduc:lon 
r a n q e ' i n f o m a t l o n ,  are sub jec t  t o  t h e  l i m i t a t i o n s  contained in t h e  Inventory 
Beporting Xegulations (60 C F R  710). 

. ... . .-. . ,  
*. . 
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No s p e c i f i c  infoxmation re..svant t o  t h e  env-zowenta  f a t e  o 4-bromophenyl 

phenyl  e t h e r ' y a s  found in t h e  literature. 

subs tance  in a ca t egory  v f t h  several o t h e r  d r i n k i n g  water contaminants  cons id-  

ered t o  be r e f r a c t o r y  t o  b iodegrada t ion  (Le., l l f e t i m e  g r e a t e r  than tw y e a r s  

in unadapted soil; p o i n t  sources unab le  t o  be  treated, b i o l o g i c a l l y ) .  . However, 

- -  t h e  a u t h o r s  d i d  n o t  p re sen t  o r  reference evper imenta l  d a t a  t o  suppor t  t h e  i n c l u -  

A U.S. EPA r e p o r t  (1975a) inc luded  t h i s  

s ion  of 4-bromopheny phenyl  e t h e r  in t h i s  ca t egory .  

that t h r e e  tons of &-bromophenyl phenyl  e t h e r  are d i scha rged  annua l ly .  

G-Bromophenyl phenyl  e t h e r  has been identified as a contaminant  in f i n i s h e d  

U.S. EPA (1975a) estinated 

* ,  

dr ink ing  water on three occas ions ,  in r a w  water on one occas ion  and io river 

water on one occasion.  No q u a n t i t a t i v e  d a t a  w e r e  supp l i ed  (U.S. EPA, 1976) .  F r i -  

loux (1971) and U.S. EPA (1972) have also r e p o r t e d  t h e  presence of 4-bromophenyl 

phenyl e t h e r  in r a w  and f i n i s h e d  water of  the lower X l s s i s s i p p i  River (New 

Orleks a r e a ) ,  Again, no q u a n t i t a t i v e  data were suppl ied .  U.S. EPA (1975) sugc 

g e s t  t h a t  4-bromopnenyl phenyl e t h e r  may be  f o n d  dur ing  t h e  c h l o r i n a t i o n  of 

treat5d sewage and d r ink ing  water. 

111. PUIURXACCOKIXETICS 

No i n f o r n a t i o n  vas l oca t ed .  

A. Carc i n o q e n i c i t v  

m e e  groups of 20 male mice w e r e  administered i n t r a p e r i t o n e a l  doses  
(23, 17 o r  18 doses ,  r e s p e c t i v e l y )  of 4-bromophenyl phenyl  s t h e r  in t r i c a p r y l i n  

v e h i c l e  three times a week f o r  8 weeks (Theiss  et  al. 1977) .  The t o t d  d o s e s  

were 920, 1700, o r  3600 mg/kq, r e s p e c t i v e l y .  Animals were s a c r i f i c e d  a t  24 

meks from t h e  start of t h e  expetimaat. Inc idences  of lung adenomas were n o t  

s i g n i f i c a n t l y  increased, as compared v i t h  v e h i c l e  c o n t r o l s .  Zowever, tSis s h o r t -  

term a s s a y  should n o t  be cons idered  i n d i c a t i v e  of  t h e  aononcogenic i ty  of 4- 

bromopnenyl pnenvl e t h e r  as several known oncogens t e s t e d  n e g a t i v e  in  t h i s  a s s a y .  

808346 



V. hqUATIC T O X I C m  

A. .Acute 

an unadjusted 96 hour LC50 of 4,940 u s  L was determFned by exposing 

b l u e g i l l s  t o  4-bromophenyl phenyl e t h e r  (Table 1). 

condf t ions  and species s e a s l t l v l t y ,  a Final Fish Acute Value of 690 uq/L i s  obtained 
(U.S. EPA, undated).  

Adjusting t h i s  va lue  f o r  test  

aposure of D a p h l a  I M ~ M ,  yielded an unadjusted 48 hour LC50 of 360 ug/L 

(Table 2 ) .  The Final I n v e r t e b r a t e  Acute Value (and t h e  F i n a l  Acute Value) f o r  

4-bromophenyl phenyl e t h e r  is 14 ug/L (U.S. EPA, undated).  

- 

In an embryo-l-al test using t.he fa thead minnov (in which survival and 
growth w e r e  obsented) ,  a chronic  v a l u e  or' 61 ug/L was obtained f o r  4-brwophenyl 

phenyl e t h e r  exposure (Table 3 ) .  Dividing by t h e  s p e c i e s  s e n s i t i v i t y  f a c t o r  

(6.7), a F ina l  Fish Chronic Value of 9.1 ug/L is derived. Since 30 o t h e r  

innfornation is avaflable, this value is also t h e  F i n d  Chronic Value ( U . S .  E A ,  ' 

undated) .  
I 

vz. CCiSiEX 

A. Aquatic 

-4 24 hour average concen t r a t ion  of 6.2 ug/L (6.2 ug/L 0 O . i &  x L A  ug /L  

(Final Acute Value)) is t h e  recommended c r i t e r i o n  t o  ? r o t e c t  f reshwater  aqua t i c  

l i f e .  

Z h e  (U.S. ZPA, undated).  

The maximum a l lowab le  concen t r a t ion  should not exceed 14 ug/L at any 

. 



Table I .  Freshwater f i s h  acu te  v a l u e s  

Adjusted 
Sioassay T e s t  Chemical T-le U50 LC 50 

organism ?lethod* Conc .** Descriot ion (hrs) (uqh.)  ( u q k )  

Blueg i l l ,  S U 4-Bromophenyl- 96 r(,940 2,700 
Leoomis macrochirus phenyl e t h e r  - - 
* S E stat ic  - -  
** U - unmeasured 

. Geometric mean of ad jus t ed  values:  ,4-Bromophenylphenyl e t h e r  - 2,700 ug/L 

29700 - 690 ug/L 3 . 9  

Table 2.  Freshwater i n v e r t e b r a t e  a c u t e  va lues  

Organism 

Cladoc eran , 
Dao-mia 3agna - 

Adjusted 
Bioassay Test Chemical Time Lc 50 Lc50 
Nethod* Cone.** Descr ipt ion ’ (h r s )  (ug /L)  (ug/L) 

S U L-Bromo? henyl- 48 
phenyl e t h e r  

360 300 

* S - stat ic  

** U - unmeasured 

Geometric mean of ad jus t ed  values:  4-aromophenyl phenyl e t h e r  = 300 ug/L 

3 00 - 14 ug/L 21  

Table 3. Freshwater f i s h  chronic va lues ,  &-Bromophenyl Fhenyl e t h e r  

C k o n i c  
Limits Value 

Tes t*  (ag/L)  (ug/r,) Organism - 
Fathead minnow, 
Pimephales promelas 

E-L 89-167 61 

. 
* E-L = enbryo-Lama 

G a m e t r i c  nean of chronic  values  = 61 ug /L  r7 61 = 9.1 ugfL 

Lowest chronic va lue  - 61 u g / t  
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DISCLAIMER 

T h i s  r e p o r t  r e p r e s e n t s  a s u r v e y  of t h e  p o t e n t i a l  hea l th  
and envi ronmenta l  hazards  from exposure  t o  t h e  s u b j e c t  chemi- 
cal .  The i n f o m a t i o n  con ta ined  i n  the r e p o r t  is drawn c h i e f l y  
f rom secondary  s o u r c e s  and a v a i l a b l e  r e f e r e n c e  documents. 
Because of the l i m i t a t i o n s  of such  s o u r c e s ,  t h i s  shor t  p r o f i l e  
may n o t  r e f l e c t  a l l  available in fo rma t ion  i n c l u d i n g  all t h e  
adverse h e a l t h  and envi ronmenta l  impacts ? re sen ted  by t h e  
s u b j e c t  chemical. T h i s  document h a s  undergone s c r u t i n y  t o  
e n s u r e  its t e c h n i c a l  accuracy .  

. I  . .  . 
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SPECIAL NOTATION 

U.S. EPA's Carcinogen Assessment Group (CAG) has e v a l u a t e d  

cadmium and has  found s u f f i c i e n t  ev idence  to  i n d i c a t e  t h a t  

t h i s  compound is c a r c i n o g e n i c .  

I 
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CADMIUM - 
Smary 

The major non-occupational rou tes  of human Cadmium oxuosure are thtougn 

food and tobacco smoke. Drinking water also contr ibuces ielatively l i t t l e  

t o  me average d a i l y  intake.  

Egidemiological s t u d i e s  i n d i c a t e  t ha t  cadmium exoosure may imrease t3e 

mor+ality level f o r  cancer o f  the p m s t a t e .  Long-term feeding and innal-  

a t i c n  s t u d i e s  in animals have not  pmduced t m o r s ,  wnile intravenous admin- 

i s t r a t i o n  of cadmium has pmduced only i n j e c t i o n  site tumors. Mutagenic 

effects of cadmium exposure have been seen i n  animal s t u d i e s ,  bacterial sys- 

tems, 2 vitm tests, and i n  the chrumoscmes of  occupat ional ly  exposed 

workers. 

Camim has produced te ra togenic  effects i n  several species o f  animals, 

possibly ‘Lhrougn i n t e r f e r e n c e  with zinc mer,abolism. Testicdlar necrgs is  and 

neurokehavioral a l t e r a t i o n s  i n  animals following exoosure during presnancy 

have heen produced by cadmium i n  animals. 

E m n i c  exposure t o  cadmium has produced ernohysema and 3 c3aracteristic 

synarcme ( Itai-Itai  disease) following r e n a l  aamage and o s z e m a l a c i a .  A 

causa l  r e l a t i o n s h i p  between cnronic cadmium axposure and hypertension i n  

hmans  has been suggested but  not  confirmed. , 
Cadmium is acutely t o x i c  t o  freshwater f i s h  a t  levels as low as 0.55 

ug/l. Fresnwater f i s h  emhr/o/ larral  s t a g e s  tended t o  be t3e most s e n s i t i v e  

t3  camiun.  Marine f i s h  were general ly  more r e s i s t a n t  than fseshwater 

fish. >e lofig half-life o f  cadmim i n  aquat ic  o q a n i m s  has been postu- 

lated, and severe r e s t r i c t i o n s  t a  g i l l -  tissue -7 r o s o i r a t i o n  nave Seen obsetvea 

a t  concentrat ions a s  low a s  0.5 pg/l .  
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CADMIUM 

I. SNTROOUCTION 

This profile is based on the Amoient Water Q u a l i t y  Criteria Oocument 

f o r  Cadmium (US. E P A ,  1979). 

Cadmium is a soft, bluish-silver-white metal, harder than t i n  but 

s o f t e r  than zinc. The metal melts a t  321°C .ana shows a b o i l i n g  poin t  of 

765'2 ( U S .  F A ,  1978b). Cadmium d isso lves  readily in mineral ac ias .  

Some of the physical/chemical proper t ies  of cadmium and its cmDounds a r e  

smar ized i n  Table 1 (U.S. P A ,  1978b). 

Cadmium is cur ren t ly  used i n  e l e c t r o p l a t i n g ,  p a i n t  and pigment 

manufacture, and a s  a stabilizer f o r  p l a s t i c s  (Fulkerson and Goel ler ,  1973). 
- 

- Current production: 6000 metric tons  (1968) (U.S. F A ,  1978b) 

Praiected production: . 

Since cadmium is an e l s e n t ,  

12,000 metric t a n s  (2000) (U.S. LOA, 1978b) 

it w i l l  p e r s i s t  i n  some form i n  t h e  

envirorment. hydrox- 

ide ,  and s u l f i d e  ions (Eaes, 1973); t h i s  is depenaent on pH and on cadmicm 

concentration. Complexing of cadmium with o ther  anions w i l l  proaucE soluble 

f o m s  ( S m e l s o n ,  1963). Cacmium is s t rongly adsorced t o  c l a y s ,  nucs, hmic 

Cadmium is prec ip i ta ted  from s o l u t i o n  by CarDonate, 

and organic mater ia l s  and some hydrous oxiaes ('Elatson, l 9 E ) ,  a l l  or' wnich 

lead to' p r e c i p i t a t i o n  frcm aqueous media. Caamiurn c9rXdes slicntly i n  a i r ,  

2ut forms a oro tec t ive  surface f i l m  w h i m  orevents f u r t h e r  corrosion (U.S. 

LOA, 197mb). 

11. EXPOSURE 

Caamiun is universal ly  assocAted  with z inc and annears with it i n  

n a t u r a l  d e s o s i t s  (Hem, 1972). Major sources of cadmium =lease i n t o  b the 

environment include m i s s i o n s  from metal re f in ing  and smelting Dlants,  in- 

c i n e r a t i c n  of polyvinyl cn lor iae  o l a s t i c s ,  emissicns frcm use o f  fos s i l  
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fue ls ,  use o f  cercain phosphate fert i l izers,  and leaching of Galvanized i ron 

pipes (U.S. P A ,  1978b). The major non-occupational routes of human expo- 

sure  t o  cadmium are thmugh foods and tobacco smoke (U.S. F A ,  1979). 
' Based on' ava i lao le  monitoring data, the U.S. F A  (1979) has est3natsd 

the uptake of cadmium by adul t  humans fmm air ,  water, and food: 

source - 
Air-ambient 
Air-smoking 
Foods 
Orinking water 

Total 

Air-ambient 

Adult 
uo/dav 
~aximum conditions 

.008 mglday 
9.0 
75.0 
20.0 
304.008 
- 
Minimum conditions 
0.00002 

. a  

U Air- smoking 
Food 12.0 
Orinking water 1.0 

Total  13.00002 

The var ia t ion  of cadmium levels in air, food, and water is , d t e  zx tm-  

sive a s  indicated above. Leafy veqetaoles, ccntaminated water, ana air near 

smelting p lan ts  a l l  present sources o f  high po ten t i a l  exoosue.  The U.S. 

F A  (1979) has estimated t h e  weignted average b i o c m c e n t n t i o n  fac tor  of 

cscmim t o  be L7 in :he edible p o r t i m s  of fish anC s h e l l f i s h  consumed by 

Americans. 

111. P H A R M A C O K I N n I C S  

A. Absorption 

The main routes by which cadmium can en te r  the body a re  inhalat ion 

Particle size and so lub i l i t y  g rea t ly  inf luence the biolog- 

When a la rge  prooortion of p a r t i c l e s  are  in 

and ingestion. 

ical f a t 6  or' innaled caamium. 



the  respirable  range, up t o  of t h e  inhaled mount  may be absorbed ( E F A ,  

1979). Cadmium fumes may have an absomcion of up t o  5ffi, and it is esti- 

mated that  a t o  5 E  of caamium i n  c i g a r e t t e  smoke c.. may be absofied (WHO, 

1977; €Underi  e t  al .  1976). Large particles are trapped by the mucous mem- 

Sranes and may eventually be swallowed, r e s u l t i n g  in g a s t m i n t e s t i n a l  

absorption ( P A ,  1979). 

Only a small  prcportion o f  ingested cadmim is absoIbed. Two human 

s t u d i e s  using radiolabel led cadmium have ind ica ted  mean cadmium aQsor?tion 

from the g a s t r o i n t e s t i n a l  tract o f  6% and 4.6% (Rahola, e t  al. 19n; 

McLellan, e t  a l .  1978). Various dietary f a c t o r s  i n t e r a c t  with cadmium ab- 

sorption; these include calcium l e v e l s  (Washko and Ccusins, 19761, v l t m i n  0 

levels (Worker and Migicovsky , 19611, zinc,  i m n ,  and copper levels (Banis,  

e t  al. 1969).  and ascorbic  acid l e v e l s  (Fox arfd F v ,  1970). l a w  pmtein 

diets enhancz the  uptake o f  caamium from the g a s t m i n t e s t i n a l  tract (Suzuki, 

tt al. 1969). 

Dermal a b s o T t i o n  of cadmium a m e a r s  t o  a c t u r  t a  a small  excenr; 

wanlbezg (1965) has d e r e n i n e d  t h a t  up t o  1.3 perqent of high levels of cad- 

m i c m  s 3 l o r i c e  were amorbed by guinea p ig  skin. 

Cacmium levels have been aetermined i n  human embryos (Cbauce, ec 

a l .  1973) and i n  t h e  blood of cewbcrns (Lauwerys, 19781, indicating passage 

of cadmium occurs a c m s s  the p lacenta l  membranes. 

. 

a. Dis t r ibu t ion  

Cadmium is p r i n c i p a l l y  s tored  in the liver, kianeys,  md panczeas 

w i t h  h i p e r  levels i n i t i a l l y  fcund in t he  liver (NHO Task GiOuP, 1977). 

cantinuecl ixposure leads to  accumulation i n  a l l  of these organs; levels . a s  

31- ? 



high as 200-3GO mghg wet weight may be found i n  the  r ena l  cortcx.  This 

storage appears t o  5e deoendent on t h e  associat ion of  cacmium with the 

ca&im Sinding protein,  - - .  

Animal s tud ies  ind ica te  tha t  following in t raper i tonea l  o r  i n t r a -  

venous administiation o f  cacmium most of t h e  compound is found i n  the  blooo 

plasma. After 12-2& hours the plasma is cleared and most of t h e  c m o u n d  is 

associated with red blood czlls (U.S. EPA, 1978b). 

metallothionen (Noreberg e t  a l .  , 1975). 

The caamium body burden of humans increases  with age (Friberg,  ct 

a l .  :97a) f r o m  very minimal levels a t  b i r t h  t o  an average of up t o  3 0 4  mg 

by the aQe o f  50 i n  non-occupationally exposed individuals.  Liver accumu- 

l a t i o n  continues through the las t  decades o f  l i fe ,  while kidney concsn- 

t t a t i o n s  increase u n t i l  the fourth decade and then decl ine (Cross, e t  al. 

i976). The pancreas and salivary glands a l s o  contain considerable c c n c s -  

tzatfons of csdmim (Nordberg, 1975). Smokag e f f ec r s  the body bur=',en 3f 

cacmium; levels i n  the renal  cortex o f  smokers may Se douole t3ose faund i n  

con-smokers ('clinder, e t  al. 1975; Hammer, e t  a l .  1971). 

C. Metabolism 

Pert inent  data were not found i n  the  ava i lac le  l i t e r a t u r z .  

D. Excretion 

Since only about 6 gerco,nt of ingested cadnium is acsarbed, a hr ;e  

grooorticn o f  the c m o u n d  is eliminated by t h e  fecss (U.S. F A ,  a o r  3). 

Some S i l i a r y  excretion o f  cacmium has been dmonstrated i n  rats (Stowe, 

1976); tnis r e g r e s e n t d  less L!an 0.1 petcent of a subcutsfmusly adminis- 

tzred dose. 

Urinary excretion o f  cadmium is approximately 1-2 rng/day i n  0 the 

General pooulation (Imtus, e t  a l .  1963; Szadkowski, e t  a l .  1969). Occuoa- 

t i cna l ly  sxoosed ind iv isua ls  may show maiKedly k i @ X Z  Iirinar! e x c r e t l m  

, .  

, , . . . .  . .  
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inject ion s i t e  sarcomas a d  t e s t i c u l a r  tumors (Leydigiomas) (see Table 2; 

u.5. P A ,  1978a). A 1-e number of n e t a h  and i r r i t a n t s  ptoduced ccmoar- 

-.. . . able in jec t ion  s i t e  sarcmas. Long tern feeding and inhalat ion s tudies  r i t h  

cadmium have not produced tumors (Schroeder, e t  a l .  1964, Lavy, e t  al. 1973; 

Decker, e t  al. 1958; Anwar, e t  al. 1961; Paterscn, l?17; Malcolm, 1972) 

A t  the present time, the draft ambient water qua l i ty  c r i t e r i o n  fo r  

pr3tection or' human health is based on t h e  tox ic i ty  of cadmium tamer :%in 

on any carcinosenic effects. Though the s tudies  sumnarized above qualita- 

t i v e l y  indicate  a carcinogenic poten t ia l  for  cadmium, quant i ta t ive ly ,  the 

- -  

issue has not been resolved. 

0.  Mutagenicity 

An increased incidence of chmmosomal aberrat ions has heen n o t a  in 

workers occupationally exposed t o  cadmium and in Jmanese pa t ien ts  suffer ing 

cadmium tox ic i ty  (Itai-Itai disease) (8auchin<er, e t  al. 1976; B d ,  e t  a l a  

1975; Oeknudt and Lsonard, 1976; Shiraishi and Yosbiaa, 192). 

Cadmium nas been shown t o  gmauca mutagenic e f f ec t s  2 vi tzo  ma 

- v i v o  i n  several systms (see Table 4; U.S. S A ,  1978 a or  b). These e f f ec t s  

include inauction o f  coint  mutations i n  Sac te r l a l  systems , c5rzmoscme auerr- 

a t ions  in cul tured cells ana cytogenetic danaGe 2 e, and pr,mctian of 

e r ro r  prone bass incornoration i n  DNA & v i t ro -  Several invest lgaczrs  nave 

Seen unaole t o  show dominant lethal effects of camium i n  mice (E3stein, e t  

a i .  1972; Gillivod and Leonard, 1975; Suter,  1975). Point mutation s tua i e s  

wit9 c a m i m  in Omsophila have also grcduced negative findings (Shabalina, 

1968; Frikerg e t  al., 1974; Sorsa and P fe i f f e r ,  1973). 

C. Teratogenicity 

Camzge t o  the reproductive tract resu l t ing  ircm B single  dose of 

zarenterally a n i n i s t e r e d  caCmiMI cr,lorl3e ( 2 zg/kg) have been ObsetveO in 

. 
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I I C U L I I  EL UI., 1962; lleatlr a i d  D u n l c l ,  1964 Hilts Cd powder I n  foul acriiin (ir) 

b , Surcoiiius K i l z i a l i t z l s ,  1963; Kurai\trItl and llanbiiry, 1966 I t t i t 3  CclS, Cdo (SC) 

I I ~ i t l t l ~ ~  st- ti.  , 1964; Hoe ct g. , ' 1964 R a t s  cdso4 ,  cdc12 (ac) , Sarcoiiiv sild I.eyd lgloiiiutr 

CliJ c k e n s  cdCl2 ( I n t r a t e e t i c u l a r )  Teratolno I;ulllrlL., l9G4 

(;iiiiii 2~ e., 1963; 1964; 1965; 1967 K a t s ,  t l l c c  CClCl2 ( i d  S A K C O I I \ ~  and 1,eydlgionias 

Schrp)ctlcr c~ UI. , 1965; konlseua aiid 

I t t ietar1 ?L_ 21.. 1967; Prrv.loii C L  ~ l . ,  1968 Iklts CdClll (sc) Surcoiiiav uiid I.eydIgloiiias 

Kiiorrc,  1970; 1971 ' I h L Y  (:tlCI2 (sc) Sa r coiiiu s and 1 .e ytl1 g 1 oiiiu s 

I . i icI~s ;II., 1972; 1973 ItiltS CdC12 (sc, i n t r u l l c p a t i c )  Sarcoiiins and I.cyd lgioiiius 

ltilts, Nlcc Cd-ace t a te ( d r i n k i n g  water) No Tuinorigcnic E€ fect  
sl:lll.ucllcc, 1969 

s 

I tUCY CClCl2 (BC) .. Leydlgioiiiau Ik!tltly :L 21. , 1313 

CdS04 (ec) s a rcoliinv h v y  5~ E!., 1973 It4 t 3 
I 

0 
-M 

No Tiiniorlgeiilc E f f e c t  c ~ S O  ( y e s  t r i c  i n t u b u  t ion) 4 I.CVY iiiid Cliirk, 1975; l . evy  et &. , 1975 Itate, N L C C  
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rats, rabbi t s ,  guinea p igs ,  hamsters, and mice (Parizek and Zanor, 1956; 

Parizek, 1957; Meek, 1959). This suscopcib i l i ty  appears 3 ->e g e n e t i c a l l y  

regulated s ince  d i f f e r m t  s t r a i n s  of micz snow d i f f e r e n t i a l  s u s c o o t i b i l i t y  

(Wolkouski, '1975). 

Teratogenic effects of cadmium compounds administsrzd p a r e n t e r a l l y  

have besn reported in mice (Eto,  e t  a l .  1975), hamsters (Fsm and &-enter, 

1968; Mulvihil l ,  e t  a l .  1970; Fsm, 1971; Gale and Fern, 1973) and rats 

(Chernoff, 1973; 3arr, 1973). Oral aaminis t ra t ion  of cadmium (10 cpm) has 

demonstrated te ra togenic  effects in rats (Schroeder and Mitchener, 19711, 

but no te ra togenic i ty  has been reported i n  rats and monkeys (Cuetkova, 1970; 

Pond and Walker, 1975; Willis, e t  al. _- 1976; Campbell and Mills, 1974). 

0. Other Reproductive Effects 

Rats i n  late prqnancy  a r e  apparently more s e n s i t i v e  t o  cadmium 

than nonqravid  animals o r  those immediateiy post-partum. A s i n g l e  dose of 

2-3 ng/kg of 3oay weignt given during tfie lasc I days o f  pE9nancy r z s u l t t d  

i n  - h i p  mortalit\/ (76 percent) .  

In addi t ion t o  the embryctoxic effects of cadmium indica ted  i n  

Section C,  p e r s i s t i n g  effects of caamium sxoosurc curing oieqnancy cn coscu- 

lated development and growth o f  o f f s p r 3 g  have seen observed. This inc ludcs  

neumoenavioral  a l t e r z t i c n  i n  newborn iacs (Chowdbury and Laurla,  15175) and 

growth def ic ienc ies  i n  lambs (U.S. F A ,  1978a). 

E. Chmnic Toxicity 

Fr i5erg ( 1 9 a ,  1950) observed empnysema in wor'men excosed t o  cad- 

This f inding has suosecuently m i u m  dust  i n  an a l k a l i n e  battery factory.  

keen well documented (U.S. €?A, 1979). 
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Chronic cadmium exposure prcduces renal tabular damage that is 

characterized by t h e  appearance o f  a cnaracteristic protein S2-nicro- 

globul in)  in the urine. Renal damage has been estimated to occur when 

cadmium levels in the renal cortex reach 200 mg/kg (Kjellstron, 1 9 7 ) .  

Itai-Itai disease is the result of cadmium induced renal damage p l u s  ostto- 

malacia (U.S. F A ,  1978a). 

Exoosure t o  - high _. amoient -_ caamium levels may cmtribute t o  t h e  etio- 

logy o f  hypertension (U.S. P A ,  1979). Several scudies, however ,, have besn 

unable t o  show a c o r d a t i o n  between 'renal levels of cadmium and hyper- 

tension (Morgan 1972; Lewis, e t  al. 1972; Beevers, e t  al. 1976). 

Friberg (1950) and Slejer (1971) have noted abnormal liver function 

tests in workers exposed to cadmiurn; however, these workers were occupa- 

tionally exposed to a variety of agents. 

The immunosuppressive effects o f  cadmium exposure, including an i n -  

creased susceptibility t o  various infections, have been :dDort,ld i n  several 

animal studies (Cook, e t  31. 1975; Koller, 1973; Exon, ~ , t  31. 1975). 

V. AQUATIC TOXICITY 

A. Acute Toxicity 

Acute toxicity in freshwater fLsn has keen studied i n  a number of 
I ?6-hour bioassays consisting' o f  one s ta t ic  idnewal, ~2 stat ic ,  and 19 f low-  

thmugh tests. L C ~ ~  values ranged from 1 u g / l  for stzippea bass larvae 

(Roccus saxatilus) (Hughes, 19731 t o  73,500 for  the fathead minnow , 

( Pimeohales prsmelas) (Pickering and Henderson, 1966). Increased resistance 

t o  the tox ic  acticn af camium In hard waters was observed. The LC50 

values for  f res2water inverzeorates ransed f ram 3.5 for  Cladoceran 0 

(Sinoeanalus sern la tus)  t o  29,OCO pg/l f o r  the mayfly (Eskernerella arancis 

crsr.ais). - Acute LCz0 v2icoS f o r  marine f i s h  ranqee f-cm l ,o 'CO ug/ l  f o r  

gk '7 



114,000 pg/l f o r  j u v e n i l e  murraichog (Fundulus h e t e m c l i t u s )  (Voyer, 1975). 

I n t r a s p e c i f i c  and l i f e  s t a g e  differzncas nave shown t h a t  larval s t a g e s  of 

t he  A t l a n t i c  silversides and mummichog a r e  four  times more s e n s i t i v e  than 

adults under L9e same test condi t ions  (Middaugh and Oean, 19T I ) .  Marine 

invertearates a= more s e n s i t i v e  t o  caamium than are marine fishes. LCso 

values ranqed fmm 15.5 pg/l f o r  t h e  mysid shrimp (Nimno, e t  a l .  1977a)- t e  

46,600 f o r  the f idd ler  crab (g o u a i l a t o r )  (G'Hara, 1973). 

B. Chronic Toxicity . 
CIronic values f o r  freshwater f i s h  ranged from 0.3 pg/l i n  a brook 

t m u t  (Salvel inus f o n t i n a l i s )  emoryo larval assay (Sauter ,  e t  a l .  1976) t o  

50 pg/l i n  a l i f e  cycle (or p a r t i a l  l i f e  q c l e )  assay for  the S l u e g i l l  

(Lemnis m a r c x h i m s )  i n  hard water (Eaton, 1974). Salmonias were in 

general  t h e  most s e n s i t i v e  species examined. Data f o r  freshwater inverte-  

brates deoend on a s i n g l e  ug/1 obtained f o r  Oaohnia mama ( 8 i e s i c g e r  anC 

Clristmsen, ET). No chronic  s t u d i e s  were avai lab la  r'ot camim effects 

i n  marine f isnes .  The only marine i n v e r t e o r a t a s  data rejorced was the 

s n r m i c  value of 5.5 pg/l f o r  the inysid snrfmo, Mvsidoosis Sanis. In Chis 

animal' no measurable effects on brood apoearance i n  the pouch, release, 

average r,umoer per fenale, or s u r v i v a l  were observed a t  concentrat ions o? 

4.8 yg/l. 

C. P lan t  Effects 

Zffective c m c e n t i a t i o n s  f o r  freshwater p l a n t s  ranged fm 2 pU1, 

which causes  a 1C fo ld  p w t h  rate deczase in the diatom, Ascerlonella 

formosa (Canway, 19791, t o  7,400 p g L ,  which causes a %% root weight, inni-  

b i t i o n  i n  Eurasian water -mi l fo i l  (Wriccnvllum soicatum) . In nar ine  a lqae ,  
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%-hour EC50 growth rate assays yielded values of 160 and 175 pg/l f o r  

Cvclotal la  nana and Skeletonma costatum respectively (Gent i le  -and Johnson, 

1974). 
-- 

0. Residues 

Biccomentrat ion f a c t o r s  ranged from 151 f o r  bmok t r o u t  t o  1,988 

f o r  the  f l a g f i s h  (Jordanel la  f l o r i d a e )  . One characteristic of .  cadmium tox- 

i c i t y  i n  aquat ic  orsanirms was the poss ib le  long h a l f - l i f e  of t h e  c3emical 

in c e r t a i n  t i s s u e s  of exoosed brook t r o u t  &en after being placed i n  c lean  

water f o r  several weeks. Testicular damage t o  a d u l t  mallards was observed 

when fed 20 q / k g  caamium in the  d ie t  f o r  90 days. I n  marine organisms 

bioccncentration values ranged fmm 37 f o r  t h e  shrimo Cranaon cranaon t o  

1,230 f o r  the American oys te r ,  Crassostrea v i r a i n i c a  (Schuster and P r b g l e ,  

1969). 

E. Miscellaneous 

several s tudies  on marine orpnisms have dernanstratnd sicnifiemt 

rsduction i n  g i l l - t i s s u e s  r e s s i r a t o r y  r a t a s  i n  t h e  cunner, Tautecalabrus 

adeaerrus,  the  winter f lounaer , Pseudcoleuranestes americanus, and the 

rtz$s;;ecf Sass, Vorme s a x a c i l i s ,  a t  concentrat ions a s  low a s  Q.5 pg/1. 

VI. E X I S I N G  G U I G C I N E S  

A.  Hman 

It is not recommended that  czcmium be consicered a SusDeCC human 

carcinogen f a r  purposes of c a l c u l a t i n g  a water q u a l i t y  c r i t e r i o n  (U.S. EPA, 

1979). 

The S A  Primary Drinking Water Standard f o r  protect ion of human 

This level was a l s o  adcpted a s  t h e  a r a f t  ambient water heal th  is 10 p9/1. 

a u a l i t y  c r i t e r i o n  ( U S .  EPA, 1979). 

- .. . 
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a The OSHA t imeweightEd average exposure c r i t e r i o n  for cadmium is 
3 100 pg/m . 

C .  8. Aquatic 
.. . 

The d r a f t  c r i t e r i o n  proposed f o r  freshwater organisms t o  cadmium 

has been prepared following tbe Guidel ines ,  and is l is ted according t o  the 

following equation : 

(0.867 In-(hardness) - 1.38) e 

. 
f o r  a 24-hour average and not t o  exceed the l e v e l  described by the followin! 

equation : 

(1.30 In-(hardness) - 3.92) e 

The proposed marine c r i t e r i o n  5er ived following the  Guidelines is 1.0 pg as a 
a 261iour average nor t o  ZxcEed 16 1.1911 ai: any time (U.S. €PA, 1979).  
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CARBON DISULFIDE 

I. PHYSICAL. AND CHEMICAL PROPERTIES 

CS2 (FW 7 6 . 1 4 )  i s  s o l u b l e  i n  w a t e r  a t  0 . 2 9 4 %  ( 2 0 ° C ) ,  a n d  

c h e l a t e s  t r a c e  me ta l s ,  e s p e c i a l l y  Cu a n d  Zn. 

v o l a t i l e ,  and e x t r e m e l y  f l a m m a b l e  l i q u i d  a t  RT.  

I t  i s  a c o l o r l e s s ,  

CS2 h a s  no  

o d o r  wlien p u r e .  

11. PRODUCTION AND USE 

CS2 i s  p r o d u c e d  i n  p e t r o l e u m  a n d  c o a l  t a r  r e f i n i n g .  I t s  

p r i n c i p a l  u s e s  a r e  a s  a s o l v e n t  i n  t h e  m a n u f a c t u r e  o f  r a y o n ,  

r u b b e r ,  c h e m i c a l s ,  s o l v e n t s ,  a n d  p e s t 1 c i d e s . l  

m i l l i o n  p o u n d s  o f  CS2 were p r o d u c e d  i n  t h e  U n i t e d  S t a t e s . '  I n  

In 1 9 7 4 ,  7 8 2  

1 9 7 1 ,  53% w a s  u s e d  i n  p r o d u c t i o n  o f  v i s c o s e  r a y o n  a n d  c e l l p h a n e  

111. EXPOSURE 

CS2 b was d e t e c t e d  i n  5 o f  1 0  w a t e r  s u p p l i e s  s u r v e y e d  by 

t h e  ZPA.3 N1OSHz5 e s t i m a t e s  t h a t  i n  t h e  U.S. 2 0 , 0 0 0  e m p l o y e e s  

a r e  p o t e n t i a l l y  e x p o s e d  t o  CS2. 

111. PHARMACOKINETICS 
L 

A .  A b s o r p t i o n : -  A b s o r p t i o n  d i f f e r s  w i t h  s p e c i e s  a n d  

r o u t e  o f  a d m i n i s t r a t i o n 4 ;  i n h a l a t i o n  a n d  s k i n  a b s o r p t i o n  a r e  

t h e  most i m p o r t a n t  r o u t e s  f o r  humans (31) .  

B. D i s t r i b u t i o n :  L a r g e  c o n c e n t r a t i o n s  o f  b o t h  f r e e  

a n d  bound  CS2 a r e  f o u n d  i n  b r a i n  ( g u i n e a  p i g )  a n d  p e r i p h e r a l  

n e r v e s  ( r a t s )  o f  e x p o s e d  a n i m a l s .  - T h e  r a t i o  o f  b o u n d  t o  

I 't 1. . , 
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f r e e  CS2 is b r a i n  3 : l .  B l o o d  a n d  f a t t y  t i s s u e s  c o n t a i n  m a i n l y  

bound  C S 2 ,  w h i l e  l i v e r  c o n t a i n s  CS2 m a i n l y  in t h e  f r e e  ( u n b o u n d )  f o  

' C .  M e t a b o l i s m :  CS2 i s  9OZ m e t a b o l i z e d  by t h e - P - 4 5 0  

s y s t e m  t o  i n o r g a n i c  s u l f a t e . 5  A p o r t i o n  o f  t h e  S r e l e a s e d  by 

C S 2  is t h o u g h t  t o  r e a c t  w i t h  SH g r o u p s  of c y s t e i n e  r e s i d u e s  

i n  t h e  m i c r o s o m a l  p r o t e i n s  t o  f o r m  h y d r o - s u l f  i d e - 6  

D. E x c r e t i o n :  s m a l l  a m o u n t s  o f  CS; m e t a b o l i t e s  s u c h  a s  t h i o u r e a  

5 - m e r c a p  t o  t h i o  a z o 1  i d o n e ,  a n d  i n o r g a n i c  cons t i t  u e n  t s a r e  e x c r e t e d  

i n  u r i n e . 7  I n h a l a t i o n  s t u d i e s  h a v e  shown t h a t  18% of t h e  

C S z  i n h a l e d  is e x h a l e d  u n c h a n g e d .  Of t h e  r e m a i n i n g  i n h a l e d  

d o s e ,  70% is e x c r e t e d  a s  f r e e  o r  bound  CS2 a n d  u r i n a r y  

s u l f a t e s ,  a n d  30% i s  s t o r e d  i n  t h e  b o d y  a n d '  s l o w l y  e x c r e t e d  

a s  CS2 a n d  i t s  m e t a b o l i t e s .  

v .  EFFECTS O N  .MAMMALS 

A .  C a r c i n o g e n i c i t y :  .No a v a i l a b l e  d a t a e 4  

B. X u t a g e n i c i t y :  No a v a i l a b l e  d a t a .  

C .  T e r a t o g e n i c i t y :  B a r i l l a h  e t  a l . a  showed t h a t  

4 

i n h a l a t i o n  o f  1 0  mg/m3 i s  l e t h a l  t o  e m b r y o s  b e f o r e  and a f t e r  i m p l a n -  

t h t i o n .  CS2 a t  2.2 m g / m 3  i n h a l e d  f o r  4 h o u r s / d a y  w a s  t o x i c  t o  dams ,  

a n d  e m b r y o t o x i c  i f  a d m i n i s t e r e d  d u r i n g  g e s t a t i o n ,  a n d  h a d  n o  e f f e c t  

on male r a t s . 9  I n h a l a t i o n  o f  l o w e r  c o n c e n t r a t i o n s  ( 0 . 3 4  m g / l  f o r  

2 1 0  d a y s )  c a u s e d  d i s t u r b a n c e s  o f  e s t r u s . 1 °  T o p i c a l  a p p l i c a t i o n  o f  

CS2 i n d u c e d  t e r a t o g e n i c  e f f e c t s  in t a t s e 3  

t e s t ,  i n h a l a t i o n  o f  1 0  m g / d  by male r a t s  b e f o r e  c o p u l a t i o n  

I n  a d o m i n a n t  l e t h a l  

, p r o v e d  l e t h a l  t o  e m b r y o s . 8  
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D. T o X i C i t Y  

. 1. Humans 

CS2 c a u s e s  damage  t o  t h e  c e n t r a l  a n d  p e r i p h e r a l  

n e r v o u s  s y s t e m s  a n d  may a c c e l e r a t e  t h e  d e v e l o p m e n t  o f ,  or 

w o r s e n ,  c o r o n a r y  h e a r t  d i s e a s e .  31 

The  i o w e s t  l e t h a l  c o n c e n t r a t i o n  h a s  b e e n  r e p o r . t e d  a s  

4,000 ppm i n  3 0  m i n u t e s . l l  In t h e  same s t u d y ,  a p e r s o n  sub; 

j e c t e d  t o  a c o n c e n t r a t i o n  o f  5 0  mg/m3 f o r  7 y e a r s  h a d  CNS 

e f f e c t s .  

65 mg/m3 f o r  s e v e r a l  y e a r s  h a s  b e e n  r e p o r t e d  by C o o p e r 1 2  t o  

M o d e r a t e  c h r o n i c  e x p o s u r e  o f  humans a t  l e s s  than 

- L  c a u s e  p o l y n e u r o p a t h y .  

humans h a v e  b e e n  shown t o  a b s o r b  8.8-37.2 mg f r o m  a n  a q u e o u s  

In a s t u d y  b y  B a r a n o w s k a  e t  a l . 1 3  

s o l u t i o n  c o n t a i n i n g  0 .33-1 .67  g d l .  T h i s  was o v e r  a p e r i o d  of  

1 h o u r  o f  h a n d - s o a k i n g .  

I n  p o i s o n i n g  d u e  t o  c o n t i n u e d  e x p o s u r e  a t  f a i r l y  low 

I l e v e l s  (0 .9 -378  p p m ) 3 1  n e u r i t i s  a n d  v i s u a l  d i s t u r b a n c e s  a r e  

t h e  most common s y m p t o m s . 3 1 , 3 2  S e n s o r y  c h a n g e s ,  s e n s a t i o n s  

or' h e a v i n e s s  a n d  c o l d n e s s ,  " v e i l i n g "  of o b j e c t s ,  p a i n  i n  

a f f e c t e d  l i m b s ,  a r e  o f t e n  f o l l o w e d  by  g r a d u a l l y  i n c r e a s i n g  

loss of s t r e n g t h .  

( e x c i t a t i o n ,  i r r i t a b i l i t y ,  p e r s o n a l i t y  c h a n g e s ,  i n s o m n i a ,  

a n d  even i n s a n i t y )  may o c c u r .  

M e n t a l  symptoms v a r y i n g  i n  s e v e r i t y  

32  

T h e r e  a r e  s e v e r a l  s t u d i e s  o n  c a r d i o v a s c u l a r  e f f e c t s  

o f  CS2 e x p o s u r e . 2 6 - 2 9  H e i n b e r g  e t  a l . 2 6 , 2 7  r e p o r t  s i g n i f i -  

c a n t l y  e l e v a t e d  r a t e s  o f  c o r o n a r y  h e a r t  d i s e a s e  m o r t a l i t y ,  

a n g i n a ,  a n d  h i g h  b l o o d  p r e s s u r e  in v i s c o s e  r a y o n  w o r k e r s .  

A f i v e  y e a r  f o l l o w - u p  a g a i n  r e p o r t e d  i n c r e a s e d  

. .  



l 

c o r o n a r y  h e a r t  d i s e a s e  m o r t a l i t y  a n d  h i g h e r  t h a n  e x p e c t e d  

i n c i d e n c e s  o f  t o t a l  i n f a r c t i o n s ,  n o n f a t a l  i n f a r c t i o n s  a n d  a n g i n a .  

I I n  a n  8 - y e a r  f o l l o w u p  i n  1 9 7 6 ,  H e i n b e r g 3 *  f o u n d  no  e x c e s s  

c o r o n a r y  h e a r t  d i s e a s e  m o r t a l i t y  d u r i n g  t h e  l a s t  3 y e a r s  o f  t h e  

2 .  O t h e r  s p e c i e s .  
a 

IP i n j e c t i o n  o f  400 mg/kg was t h e  l o w e s t  l e t h a l  

d o s e  t n  g u i n e a  p i g s . 1 4  

r e p o r t e d  by H y l e n  a n d  Chin. 

T o x i c  e f f e c t s  h a v e  b e e n  o b s e r v e d  at d o s e s  a s  l o w  as 1.7 mg/kg 

i a  r a b b i t s . 1 7  Rats showed t o x i c  S C  e f f e c t s  a t  1 ~ n g / k g . l ~ ' ~ ~  

V i n o g r a d o v 2 0  showed t h a t  1 ppm in d r i n k i n g  water w a s  n o n t o x i c  

to r a b b i t s ;  70 ppm was f a t a l .  

A n  IV L D 5 0  o f  6 9 4  mg/kg i n  mice w a s  

15 

I n  a c h r o n i c  s t u d y ,  P a t e r a i  e t  a1.21 f o u n d  t h a t  6 

m g / k g / d a y  p r o d u c e d  t o x i c  e f f e c t s  i n  r a b b i t s .  The  l o w e s t  

l e t h a l  c h r o n i c  d o s e  f o r  r a b b i t s  was shown t o  be 0 . 1  m l  3 

t i n e s  a week f o r  7 m o n t h s e a 2  A p p l i e d  t o p i c a l l y ,  CS2 p r o d u c e d  

01 

h i g h e r  i n c i d e n c e  o f  

a n e m i a  i n  f e m a l e  t h a n  i n  male r a t s ,  a n d  t e r a t o g e n i c .  e f f e c t s  ( s e e  a b o v e :  

v e r e  o b s e r v e d .  2 3  

o f  g e n i t o u r i n a r y  a n d  s k e l e t a l  s y s t e m s  were n o t e d .  I n  a d d i t i o n ,  

d i s t u r b a n c e s  o f  o s s i f i c a t i o n  a n d  b l o o d  f o r m a t i o n  a n d  d y s t r o p h i c  

c h a n g e s  in l i v e r  a n d  k i d n e y  were n o t e d S 8  

3 When r a t s  i n h a l e d  C S 2  a t  10 m g / m  , a b n o r m a l i c i e s  

VI. EXISTING GUIDELINES AND S T A N D A R D S  

T h e  N A S 4  d i d  n o t  recommend l i m i t s  f o r  d r i n k i n g  water 



b e c a u s e  e s t i m a t e s  o f  e f f e c t s  o f  c h r o n i c  o r a l  e x p o s u r e  c a n n o t  b e  

made w i t h  any  c o n f i d e n c e .  . e 
The c u r r e n t  O S H A  PEL i s  20 ppm ( 6 2  m g / m 3 ) ,  w i t h  a 

, c e i l i n g  conc .entra t1on  o f  3 0  ppm ( 9 3  m g / m 3 )  f o r  an 8-hour 

d a y ,  5 day work week.25  The N I O S H z 4  resommended s t a n d a r d  

i s  3 mg/,3:24 

. .- 
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DISCLAIMER 

T h i s  report  r e p r e s e n t s  a s u r v e y  of t h e  p o t e n t i a l  h e a l t h  
and  e n v i r o n m e n t a l  h a z a r d s  f rom e x p o s u r e  t o  t h e  s u b j e c t  chemi- 
ca l .  The i n f o r m a t i o n  c o n t a i n e d  i n  t h e  report  is drawn c h i e f l y  
f rom s e c o n d a r y  s o u r c e s  and a v a i l a b l e  r e f e r e n c e  documents .  
Because  of t h e  l i m i t a t i o n s  of s u c h  s o u r c e s ,  t h i s  sho r t  p r o f i l e  
may n o t  re f lec t  a l l  a v a i l a b l e  i n f o r m a t i o n  i n c l u d i n g  a l l  t h e  
a d v e r s e  hea l th  and  e n v i r o n m e n t a l  impacts p r e s e n t e d  by t h e  
s u b j e c t  chemical. T h i s  document  h a s  unde rgone  s c r u t i n y  t o  
e n s u r e  i ts  t e c h n i c a l  a c c u r a c y .  

. 
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SPECIAL NOTATION 

U . S .  EPA's Carcinogen Assessment Group (CAG) has  eva luated  

carbon t e t r a c h l o r i d e  and has  found s u f f i c i e n t  e v i d e n c e  t o  

i n d i c a t e  t h a t  t h i s  compound is c a r c i n o g e n i c .  

. 
. 
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CARBON TETRACHLORIDE 

S m a r y  

Carbon te t rachlor ide  (CC14) is a haloalkane wi th  a wide range of in- 

Toxicological data f o r  non-human mam- d u s t r i a l  and chemical applications.  

mals a re  extensive and show tha t  CC14 causes l i v e r  and kidney damage, bio- 

chemical changes i n  liver function, and neurological damage. CC1, has 

been found t o  induce l i v e r  cancer i n  r a t s  and mice. Mutagenic effects have 

not been observed and teratogenic  e f f e c t s  have not been conclusively demon- 

s t rated. 

The data base on aquatic t ox ic i ty  is limited. (96-hour) values 

f o r  b lueg i l l  range from 27,300 t o  125,000 pg/1 i n  static tests. For Daphnia 

maana, the reported &hour EC50 is 35,200 lJg/l. The 96-hour LC50 fqr 

the tidewater silverside is 150,000 pg/1. An embryo-larval test wi th  the 

fathead minnow showed no adverse effect from carbon te t rachlor ide  concentra- 

t ions  up t o  3,400 flg/l.  The b lueg i l l  

bioconcentrated carbon te t rachlor ide  t o  a fac tor  of 30 times within 2l days 

expcsure. 

NO p lan t  effect data are available. 

The biological  half-life i n  t h e  b l u e g i l l  was l e s s  than 1 day. 



I. INTROWCTION 

Carbon te t rachlor ide  (El,) is a haloalkane with a ride range of in- 

d u s t r i a l  and chemical applications.  Approximately 932.7 mil l ion pounds are 

produced a t  11 plant  sites in the U.S. (U.S. €PA, 1977b; Johns, 1976). The 

bulk  of El, is used in the manufacture of fluorocarbons for aerosol pm- 

p e h .  Other uses include grain fumigation, a component i n  fire extin- 

guisher solut ions,  chemical solvent,  and a degreaser i n  the dry cleaning in- 

dus t ry  (Johns, 1976). 

Carbon tetracfdoride is a heavy, co lo r l e s s  l i q u i d  a t  room temperature. 

Its physical/chemical p m e r t i e s  include: molecular weight, 153.82; melting 

point,  -22.99’C; so lub i l i t y  i n  water, 800,000 bg/l a t  25%; and vapor 

pressure, 55.65 mm Hg a t  10%. a, is relatively non-polar and misci? 

b l e  with alcohol,  acetone and most organic solvents. 

- 

Carbon te t rachlor ide  may be quite stable under ce r t a in  environmental 

conditions. me hydrolytic breakdown of CC1, in water is estimated t o  re- 

quire 70,000 years fo r  50 percent decomposition (Johns, 1976). This dxm- 

posit ion is accelerated i n  the presence of metals such a s  i ron  ( P a r s o n  and 

McConnell, 1975). Hydrolytic decomposition as a means of removal from rater 

is ins igni f icant  when ccmpared with evaporation. In one experiment the 

evmorat ive half-life of a, i n  water a t  ambient temperatures vas found 

to Se 29 minutes (Oil l ing,  e t  al. 19751, but this is highly dependent on ex- 

perimental cmdi t ions ,  such as surface area t o  buik  volume ra t ios .  For ad- 

d i t i ona l  information regarding Halomethanes a s  a class, the reader is refer- 

red t o  the Hazard Pmfile on Halomethanes (U.S. P A ,  1979b). . 

r( 
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11. EXPOSURE 

A .  Water 

CC14 has been found i n  many water samples including r a i n ,  sur- 

face, potable ,  and sea, i n  the sub-part per b i l l i o n  range (McConnell, e t  a l .  

1975). The National Organics Monitoring Survey (NOMS) found CC14 i n  10 

percent  of 113 pub l i c  water systems sampled, with mean values  ranging from 

2 4 - 6 . 4  p g / l  (U.S. EPA, 1977a). 

Although El4 is a c h l o r i n a t e d  hydrocarbon, i t  is not produced i n  

f in i shed  d r ink ing  water as a r e s u l t  of the c h l o r i n a t i o n  process  (Natl. Res. 

Coun., 1977,1978). 

B. Food 

Carbon t e t r a c h l o r i d e  has been detected i n  a v a r i e t y  o f  foods tu f f s  

o t h e r  than f i s h  and s h e l l f i s h  i n  l e v e l s  ranging from 1 t o  20 pg/kg (McCon- 

n e l l ,  e t  a l .  1975). 

Resu l t s  of  var ious s t u d i e s  on CC14 fumigant r e s idues  i n  food in- 

dicate tha t  t h e  amount of r e s idue  is dependent upon fumigant dosage, s to rage  

cond i t ions ,  length of a e r a t i o n  and the  e x t e n t  o f  processing (U.S. €PA, 

1979a). Usually, proper s t o r a g e  and a e r a t i o n  reduce CC14 r e s idues  t o  

trace amounts. 

The U.S. €PA (19799) has estimated the weighted average Sioconcen- 

t r a t i o n  f a c t o r  for carbon t e t r a c h l o r i d e  t o  be 69 for t h e  edible p o r t i o n s  o f  

f i s h  and she l l f i sh  consumed by Americans. This es t ima te  i s  based on measur- 

ed s teady-state  bioconcentrat ion s t u d i e s  i n  b l u e g i l l s .  

C. I nha la t ion  

T h e  occurrence of CC14 i n  the atmosphere is due l a r g e l y  t o  the 

v o l a t i l e  nature  of the compound. 

and marine a i r  masses range f r o m  

Concentrations of CCl& i n  c o n t i n e n t a l  

.00078 - .00091 mg/m 3 . Although some 



3 higher quan t i t i e s  (.0091 mg/m have been measured in urban areas, concen- 

t r a t i o n s  o f  El, are universally widespread with l i t t l e  geographic varia- . ,  

t i on  (U.S. €PA, 197%). 

111. PHARMACOKINETICS 

A. Absorption 

CC1, is readily absarbed through the lungs, and more slowly 

It can also through the gas t ro in t e s t ina l  tract (Nielsen &d Larsen, 1965). 

be absorbed through the skin. The rate and amount of  absorption 2re enhanc- 

ed w i t h  We ingestion of fat and alcohol (Nielson and Larson, 1965; Moon, 

1950). Robbins (1929) found that considerable amounts of mi, are absorb- 

ed from the small in t e s t ine ,  less Prom t he  colon, and l i t t l e  from the stm- 

ach. Absorption Prom t h e  gas to r in t e s t ina l  tract appears t o  vary by species, 

Le., it occurs more rapidly in rabbits than dogs. 
- 

8. Oistr ibut ion 

The organ d i s t r ibu t ion  of CC1, varies  with t h e  m u t e  of adminis- 

t r a t i o n ,  its concentration, and the duration of  exposure ( U S .  P A ,  197%). 

After o r a l  administration t o  dogs, Robbins (1929) found the highest 

concentrations of CC14 i n  the bone makow. The liver, pancreas and spleen 

had one-fifth the amount found i n  the  bone marrow. The highest concentra- 

t ions  of El, a f t e r  inhalat ion,  however, w e x  found i n  the brain (Von Oet- 

tingen, e t  al. 1949,19501. After inhalat ion of CC1, by monkeys, the high- 

e s t  l eve ls  were detected i n  fat, followed by liver and bone marrow (McColli- 

ster, et  al. 1950). McCoMell, e t  al. (19751 found human t i s sue  leve ls  o f  

El, t o  range as follows: kidney, 1-3 q/l; liver, 1-5 m g / l  and f a t ,  1-13 

. ng/l. . 
On the c e l l u l a r  leve l ,  +WClean, e t  a l .  (1965) found CC1, in  a l l  

cell ’ f rac t ions  rith higher concentrations i n  iihosomes. 

d 
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C. Metabolism 

When CC1, is administered t o  mamnals, i t  is mefabolized t o  a 

small ex ten t ,  the  majori ty  being excreted through the lungs. The metabo- 

l i t e s  include chloroform, hexachloroethane, and carbon dioxide. These meta- 

b o l i t e s  play an important role i n  t he  o v e r a l l  t o x i c i t y  o f  CC1, (U.S. E P A ,  

1979a). Some of the  CCl, metabolic products are .also incorporated i n t o  

f a t t y  acids by t h e  l i v e r  and i n t o  l i v e r  microsomal p r o t e i n s  and l i p i d s  (Gor- 

d i s ,  1969). 

The chemical pathology of l i v e r  i n j u r y  induced by CC1, is a re- 

s u l t  o f  t h e  i n i t i a l  homolytic cleavage of the  C - C l  bond which liberates tri- 

chloromethyl- and chlor ine-free radicals (Fishbein,  1976). The next step 

may be one o f  two c o n f l i c t i n g  react ions:  direct a t t a c k  v i a  a l k y l a t i o n  on 

cellular c o n s t i t u e n t s  (espec ia l ly  sulfhydryl  groups 1, o r  peroxida t ive  decom- 

p o s i t i o n  of  l i p i d s  of  the endoplasmic reticulum as a key l i n k  between the 

i n i t i a l  bond cleavage and the  pa thologica l  phenomena characteristic o f  

CC1, (sutler, 1961; Tracey and Sherlock, 1968). 

0. Excretion 

The l a r g e s t  port ion of absorbed CC14 is rap id ly  excreted.  Ap- 

50-79 percent of absorbed rad ioac t ive  CC1, is el iminated 

No 

proximately 

through t h e  lungs,  and the  remainder is excreted i n  t h e  u r i n e  and feces. 

CC1, was detected i n  the  blood or  i n  t h e  expired a i r ,  48 hours and 6 days, 
r 

respectively, a f t e r  CCl, i n h a l a t i o n  (Beamer, et  al. 1950). CC1, is ex- 

creted a s  85 percent  parent  compound, 10 percent  carbon,dioxide,  and smaller 

q u a n t i t i e s  of o ther  products including chloroform (NRC, 1977). 

IV. EFFECTS 
A .  Carcinogenicity 

CC1, has been shown t o  be carcinogenic i n  r a t s ,  nice, and ham- 

sters via  subcutaneous i n j e c t i o n ,  I. in tuba t ion ,  and rectal i n s t i l l a t i o n  (U.S. 

< / .  , 
* ' ,  



€PA, 1979). Current knowledge lead t o  the conclusion that carcinogenesis is a 
a non-threshold, non-reversible process. However, sane s c i e n t i s t s  do argue 

that a threshold may occur. 

Rueber and Glover (1970) adninfstered in jec t ions  of 1.3 mUkg o f  

body weight of a 50 percent solut ion of Elt in corn o i l  to rats, two 

times per week until death. Carcinoma of the l i v e r  were present i n  12/15 

(80 percent) Japanese male rats, 4/12 (33 percent) Wistar rats, and 8/U (62 

percenr) Osbome-Mendel rats, whereas Black Rats o r  SpragueOawley rats did  

not develop carcinomas. The incidence of cirrhosis of the liver also dif- 

fered with the s t r a i n  o f  the rat. Carcinma of bl’le l i v e r  tended t o  develop 

along with mild or moderate, rather than severe c i r r h o s i s  of the l i v e r .  

When administered w i t h  El,, methylcf\olanthrene (a  potent enzyme inducer) 

w a s  found t o  increase the incidence of hyperplast ic  hepatic nodules and 

early carcinomas i n  rats (Rueber, 1970). h m l e s  were found t o  be IMIE SUS- 

cegtible t o  the development of hyperplastic nodules and carcinomas. 

The National Cancer I n s t i t u t e  (1976) studied the carcinogenic ef- 

f e c t  of CCl, i n  male and female mice (1,250 mg/kg or 2,500 mgkg of body 

weight, o r a l  gavage 5 times/week/78 weeks). 

found in almost a l l  of the  mice receiving El,. 

Hepatocellular carcinomas were 

Andervant and O u n n  (1955) 

transulanted 30 CC14-induc& tumors in to  mice. They observed growth i n  28 

% 07 the heoatmas,  through I t o  6 t ransplant  genext ions .  

8. Mutagenicity 

Conclusive evidence on the mutaqeniciity of El, has not b e n  re- 

Kraemer, e t  al. (1976) found negative r e su l t s  using the Ames bac- ported. 

ter ia l  reversion tests. 

a re  usually negative in  the  Ames test. 

However, they explain t h a t  halogenated hydrocarbons 
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C. Teratogenici ty  

Very l i t t l e  data are a v a i l a b l e  concerning t h e  t e r a t o g e n i c  effects 

of  CC14. Schwetz, e t  a l .  (1974) found CC1, t o  be s l i g h t l y  embryotoxic, 

and t o  a c e r t a i n  degree retarded fe ta l  development, when administered t o  

rats a t  300 o r  1,000 mg/l f o r  7 hr/day on days 6 through 15 o f  ges t a t ion .  

Bhattacharyya (1965) found that  subcutaneous i n j e c t i o n  occas iona l ly  gave 

rise t o  changes i n  fe ta l  l i v e r .  
I 

0. Other Reproductive Effects 

P e r t i n e n t  data concerning o t h e r  reproduct ive effects of CC14 were 

no t  encountered i n  t h e  a v a i l a b l e  l i t e r a t u r e .  

E. Chronic Toxici ty  

Cases of chronic  poisoning have been reported by Eutsch (19321, 

The 

- 
Wirtschafter (19331, S t r a u s s  (1954),, Von Oettingen (19641, and o t h e r s .  

I ..- 

*\. 

. W l  c l i n i c a l  p i c t u r e  of chronic  CC14 poisoning is much less characteristic 

than tha t  of a c u t e  poisoning. Von Oettingen (1964) has aone an e x c e l l e n t  

j ob  of reviewing t h e  symptoms. P a t i e n t s  s u f f e r i n g  from t h i s  cond i t ion  may 

complain of f a t i g u e ,  l a s s i t u d e ,  g idd iness ,  anx ie ty ,  and headache. They suf- 

fer from p a r e s t h e s i a s  and muscu ar twitchings,  and show increased r e f l e x  ex- 

c i tabi l i ty .  They may be moderately jaundiced,  have a tendency t o  hypogly- 

cemia, and bioosy specimens of the  l i v e r  may show f a t t y  i n f i l t r a t i o n .  Pa- 

t i e n t s  may comolain of a lack of a p p e t i t e ,  nausea,  and occas iona l ly  o f  diar-  

rhea. In  some ins t ances ,  t h e  bloodi p re s su re  is lowered and is accompanied 

by pain i n  t h e  cardiac region and mild anemia. Other p a t i e n t s  have d e V e l O D -  

ed pain i n  the kidney region, dysu r i a ,  and s l i g h t  noc tu r i a ,  and have had. 

u r i n e  containing small amounts of albumin and a few red blood cells. Bum- 

com- 

I! 

ing of t h e  eyes and, i n  a few ins t ances ,  b l u r r e d  v i s ion  are freauent  

p l a i n t s  of those exposea. If these symptoms a r e  not  pronouncea, o r  of long 

- 
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standing, recovery u s u a l l y  takes place upon discontinuation of the exposure 

i f  tfie proper treatment is received (Von Oettingen, 1961). 

Reports on pathological changes in fatal i t ies  from CCl, poison- 

ings are generally l imited t o  findings i n  the liver and kidneys. The brain 

and lungs may be edematous. The in t e s t ines  may be hyperemic and covered 

w i t h  nunemus petechm hemorrhages and the spleen may be enlarged and hy- 

peremic. Occasionally the adrenal glands may show degenerative changes of 

the cortex and the h e a r t  may undergo tox ic  myocarditis (Van Oettingen, 1964). 
, 

F. Other Relevant Information 

The toxic  effects of' cc1, are potentiated by both the habitual 

and occasional ingestion of alcohol ( U S .  €PA, 197%). Pretreatment of lab- 

oratory animals w i t h  ethanol, metianal, o r  isopmparal increases the suscep- 

t i b i l i t y  of the liver t o  CCl, (Wei, e t  al. 1971; Traiger and Plaa, 1971). 

Hafeman and Hnekstra (1Pn) teparted L!at protect ive effects 

against  CC1,-induced l i p i d  petoxidation are exhibited by vitamin E, sele- 

nium, and methionine. 

According t o  Davis (19301, very obese or undernourished persons or 

those suffer ing fmm pulmonary diseases,  gastric ulcers or a tendency to  

vomiting, liver or kidney diseases, diabetes o r  glandular disturbances, a r e  

especially sens i t ive  t o  the toxic  e f f e c t  of C U 4  (Von Oettingen, 1961). 

V. AQUATIC TOXICITY 

A. Acute Toxicity . 
Two studies have invest igated the acute tox ic i ty  of carbon tetra- 

chlor ide t o  b lueg i l l s  (Lerrmis macmchirus) i n  static tests. The determined 

LCT0 varied fmm 27,300 pg/l t o  125,000 pg/1 (Oawson, e t  al. 1977; U S .  

S A ,  1978). With Oaohnia maana, the reoorted M a r .  ECSO is 35,2[=0 pg/l 

!U.S. F A ,  1978). The 96-hr. LCz0 for  t4% tidewater silversides (Meniaia 

3ervll inaf is 150,CCO Bg/l (Oawson, et  a l .  197). 



6. Chronic Toxici ty  

An embryo-larval test  with the  fathead minnow (Pimeohales promelas) 

showed no adverse effect from carbon t e t r a c h l o r i d e  concen t r a t ions  up t o  

3,400 Dg/l  (U.S. EPA, 1978). 

C. P l a n t  Effects 

Other ch ron ic  data are no t  a v a i l a b l e .  

There are no data i n  the a v a i l a b l e  l i t e r a t u r e  desc r ib ing  the ef- 

fects o f  carbon t e t r a c h l o r i d e  on freshwater or saltwater p lan t s .  

D. Residues 

The b l u e g i l l  bioconcentrated carbon t e t r a c h l o r i d e  t o  a f a c t o r  of 30 

The b i o l o g i c a l  half-life i n  these t i s s u e s  was less times within 21 days. 

than 1 day. 

V I .  MISTING GUIDELINES AND STANDARDS - 
Neither the  human health nor t h e  a q u a t i c  cr i ter ia  derived by U.S. €PA 

(1979a1, which are summarized below, have been reviewed; t h e r e f o r e ,  there is 

a p o s s i b i l i t y  t h a t  these criteria w i l l  be changed. 

A. Human 

The American Conference of Governmental I n d u s t r i a l  Hygienis ts  

(1971) recommends a threshold limit value (TLV) o f  10 mg/m3 f o r  CC14, 

w i t h  peak values not  t o  exceed 25 rng/m3 even for s h o r t  pe r iods  of time. 

The Occupational Safety and Health Administration adopted the  Arne,: r 'can Na- 

t i o n a l  Standards I n s t i t u t e  (ANSI, 1967) s t anda rd  237.17 - 1967 as t h e  Feder- 

al standard f o r  CC14 (29 CFR 1910.1000). T h i s  s tandard is 10 mg/m3 for 

an &hour TWA, wi th  an acceptable c e i l i n g  of  25 mg/m3 and a maximum peak 

. f o r  5 minutes i n  any l -hour  per iod of 200 mg/m 3 . 
The d r a f t  ambient water q u a l i t y  cri teria f o r  cartion tet ,  Fachlor ide 

has been set t o  reauce t h e  human carcinogenic  r i s k  levels t o  lo-', 

or  lo'' (U.S. EPA, i979a). The corresponding c r i t e r i a  a r e  2.6 jJg/l, 0.26 

. . . , . ,  , 
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~ / 1 ,  and 0.026 pg/l, respectively. Refer t o  the Halomethane Hazard Profile e 
for  discussion of criteria deri=tion (U.S. €?A, 197%). 

8. Aquatic 

. For carbon tetrachloride, the drafted criteria t o  protect fresh- 

water aquatic l i fe  is 620 pg/1 as a 24-hour average and the concentration 

should never exceed 1,400 pg/l at any t h e .  To pmtect saltwater aquatic 

l i te ,  the drafted criterion is 2,000 pg/l as 2o-hour average and the concen- 

tration should not exceed 4,600 pg/1 a t  any time ( U S .  F A ,  1979a). 

B 
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DISCLAIMER 

T h i s  r e p o r t  r e p r e s e n t s  a s u r v e y  of t h e  p o t e n t i a l  hea l th  
and envi ronmenta l  hazards  from exposure t o  t h e  s u b j e c t  chemi- 
cal .  The  i n f o m a t i o n  con ta ined  i n  t h e  r e p o r t  is drawn c h i e f l y  
f r o m  secondary  s o u r c e s  and a v a i l a b l e  r e f e r e n c e  documents. 
Because of t h e  l i m i t a t i o n s  of  such sources, t h i s  sho r t  p r o f i l e  
may n o t  r e f l e c t  a l l  a v a i l a b l e  in fo rma t ion  i n c l u d i n g  all t h e  
adverse h e a l t h  and envi ronmenta l  impacts p re sen ted  by t h e  
s u b j e c t  chemical. T h i s  document has  undergone s c r u t i n y  t o  
e n s u r e  its t e c h n i c a l  accuracy .  
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CHLORAL 

Summary 

Chloral ( t r i ch lo roace ta ldehyde)  i s  used as an i n t e rmed ia t e  i n  t h e  manu- 

Chloral is 

Chloral hydra t e  decom- 

Chloral  hydrate has  been 

f a z t u r e  of DOT, methoxychlor, DDVP, na l ed ,  t r i c h l o r f o n ,  and TCA. 

readily s o l u b l e  i n  water, forming chloral hydrate. 

poses t o  chloroform wi th  a half-l ife of two days. 

used as a t h e r a p e u t i c  agent due t o  its hypnotic and s e d a t i v e  p r o p e r t i e s .  

Chlora l  (as chloral hydrate)  h a s  been i d e n t i f i e d  i n  c h l o r i n a t e d  water 

s a n p l e s  at  concen t r a t ions  as high as 5.0 Dg/L ~ Chloral  hydrate is  formed 

through the c h l o r i n a t i o n  of n a t u r a l  humic substances i n  t h e  raw water. A t -  

mospheric c h l o r a l  concen t r a t ions  up t o  273.5 mgh3 have been reported from 

spraying and pouring of polyurethanes i n  Soviet f a c t o r i e s .  Similar da ta  on 

exposure levels i n  U.S. p l a n t s  were n o t  found i n  t h e  a v a i l a b l e  L i t e r a t u r e .  

Specific information on the pharmacokinetic behavior ,  c a r c i n o g e n i c i t y ,  

mutagenicity,  t e r a t o g e n i c i t y ,  and o t h e r  reproduct ive effects o f  c h l o r a l  w a s  

no t  found i n  the a v a i l a b l e  L i t e ra tu re .  However, the  pha rmzok ine t i c  be- 

hav io r  of chloral  m a y  be similar t o  ch lora l  hydrate  where metabolism t o  tri- 

ch lo roe thano l  md t r i c h l o r o a c e t i c  acid and exc re t ion  v i a  t h e  u r i n e  (and pos- 

i n  4 

of 20 mice demally exposed. Information on the ch ron ic  or  acu te  effects of 

chloral i n  humans w a s  no t  found i n  the  a v a i l a b l e  L i t e r a t u r e .  Chronic ef- 

fects from r e s p i r a t o r y  exposure t o  chloral as i n d i c a t e d  i n  M o r a t o r y  

animals include reduct ion of kidney func t ion  and serum t r a s a n i n a s e  ac t iv -  

i t y ,  c h m g e  i n  c e n t r a l  nervous system funct ion :(unspecified),  decrease i n  

- 

s i b l y  b i l e )  have been observed. Chlora l  hydra t e  produced s k i n  tumors 

z . 
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ant i tox ic  md enzyme-synthesizing function o f  the l i v e r ,  and a l t era t ion  o f  

morphological c h a r a c t e r i s t i c s  of peripheral blood. Slowed growth rate, leu- 

kocytos is  and changes i n  arterial blood pressure were also observed. Acute 

o r a l  LD50 values i n  rats ranged from 0.05 t o  1.34 g/kg. 

U.S. stimdards and gu ide l ines  for chloral were not found in the avail- 

able l i t era ture .  

. . *  . .  . . . ( .  , .  
’ . * .  . .  . 
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CHLORAL 

ENVIRONMENTAL FATE 

Chlo ra l  ( t r i ch lo roace ta ldehyde)  is  freely s o l u b l e  i n  water, forming 

c h l o r a l  hydrate (Windholz, e t  al. 1976). Chloral hydra t e  w a s  i d e n t i f i e d  i n  

dr inking water from 6 of u3 ci t ies  s w p l e d  (Keith, 1976). The author postu- 

lated t h a t  chloral hydrate w a s  formed by t h e  c h l o r i n a t i o n  o f  o t h e r  compounds 

during t h e  add i t ion  of c h l o r i n e  t o  t h e  water supp l i e s .  Chloral hydrate  w a s  

no t  i d e n t i f i e d  p r i o r  t o  c h l o r i n a t i o n .  Chloral  hydra t e  m a y  be formed by the 

c h l o r i n a t i o n  of e t h s n o l  or acetaldehyde and m a y  occur  as an i n t e rmed ia t e  i n  

t h e  r eac t ion  involving t h e  conversion o f  e t h a n o l  t o  chloroform as follows: 

Ethanol - Acetaldehyde - Chloral - Chloral hydrate  - Chloroform 

Ch lo ra l  hydrate  decomposes t o  chloroform with a half-l ife o f  2 days a t  pH 8 

and 35OC (Lukn i t sk i i ,  1975). Rook (1974) demonstrated t h e  formation o f  

haloforms from t h e  c h l o r i n a t i o n  of  n a t u r a l  humic substances i n  raw water. 

Chloral polymerizes under the  in f luence  o f  l i g h t  and i n  t h e  presence o f  

s u l f u r i c  = i d ,  forming a white s o l i d  trimer called metachloral (Windholz, 

1976). D i l l i n g ,  e t  al. (1976) s t u d i e d  the  effects of ch lora l  on t h e  decom- 
p o s i t i o n  rates of t r i c h l o r o e t h y l e n e ,  NO, and No2 i n  t h e  atmosphere % a d  ob- 

served t h a t  c h l o r a l  increases t h e  photodecomposition rate of  t r i c h l o r o -  

e thy lene  t o  a g r e a t e r  e x t e n t  t h g l  it does NO or NOZ. 

, 
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CHLORAL - 
I. INTRODUCTION 

This p r o f i l e  is  based on l i t e r a t u r e  searches i n  Biological Abstracts,  

Chemical Abstracts,  MEDLINE, a d  TOLINE. 

Chloral cc&$CHl], also referred t o  as t r i c h b r o a x t a l d e h y d e ,  anhy- 

drous chloral, md t r i chbroe thano l ,  is an oily l lquid w i t h  a pungent, ir- 

r i t a t i n g  odor. The physical proper t ies  of chloral are: molecular weight, 

147.39; melting point,  -57.9C; boil ing point,  97.75OC at 760 m Hg; 

densi ty ,  1.5121 at 2014% (West, 1976). The compound is very soluble i n  

water, forming chloral hydrate, and is soluble in alcohol and ether. 

Indus t r i a l  production of chloral invoives d i r e c t  ch lor ina t ion  o f  ethyl 

alcohol followed by treatment with concentrated sulfuric s i d  (Stanford 

Research I n s t i t u t e ,  1976). P r o w t i o n  m a y  a lso  occur by d i r e c t  chlor inat ion 
.. of  either acetaldehyde o r  paraldehyde i n  the presence of antimony chloride. 

Pr ior  t o  1972, essen t i a l ly  a l l  chloral produced w a s  used in the manufacture 

o f  ODT. 

decreasing t o  62.4 mill ion pounds i n  1969. 

Production of  chloral w a s  greatest i n  1963 at 79.8 mill ion pounds, 

Production da ta  a f t e r  1969 were 

not reported. Consumption of chloral for  DOT m m u f z t u r e  w a s  estimated at 

25 million pounds i n  1975, w i t h  an addi t iona l  500,000 pounds used i n  t h e  

manufzcture o f  other  pesticides, including methoxychlor, DDVP, naled, tri- 

chlorfon, and TCA ( t r i c h l o r o a e t i c  ac id) .  Mel'nikov, e t  al. (1975) ident i -  

fied chloral as  m impurity i n  chlorofos. 

Chloral is also used i n  t h e  production of chloral hydrate, a thera- 

peut ic  q e n t  w i t h  hypnotic and sedative e f f e c t s  used p r io r  t o  the in t ro-  

duction o f  barbi tuates .  Production of U.S.P. ( p k m z e u t i c a l )  grade c h l o r a l  

hydrate w a s  estimated t o  be 300,000 pounds per year i n  1975 (Stanford 

Research Inst i tute ,  1976). 



11. EXPOSURE 

Boitsov, e t  al. (1970) noted t h a t  c h l o r a l  is evolved i n  spraying and 

pouring o f  polyurethane. The authors  r epor t ed  c h l o r a l  concen t r a t ions  as 

high as 273.5 mg/$ i n  Sov ie t  f z t o r i e s .  Similar information on atmos- 

pher ic  occupat ional  exposure t o  chloral  i n  Western c o u n t r i e s  w a s  n o t  found 

i n  t h e  ava i l ab le  l i t e r a t u r e .  

Chloral  exposure from water occur s  as chloral hydrate.  Keith (1976)  

reported chloral  hydrate  concen t r a t ions  ranging from 0.01 p g / 1  t o  5.0 p g / l  

i n  c h l o r i n a t e d  dr inking water s u p p l i e s  of s i x  of t e n  U.S. ci t ies  s tud ied .  

The mean concentrat ion o f  chloral hydrate  i n  d r ink ing  water f o r  the s i x  

c i t i e s  w a s  1.92 rJg/l. 

L. 

Chloral hydrate  has been used as a hypnotic and sedative agent. Ako-  

h o l  s y n e r g i s t i c a l l y  increases t h e  dep res san t  effect of t h e  compound, creat- 

ing  a potent  depressant  commonly referred t o  as "Mickey Finn" or "knockout 

drops". 

pound h a s  been reported (Goodmm and Gilman, 1970). 

111. PHARMACOKINETICS 

Addiction t o  ch lora l  hydrate  through i n t e n t i o n a l  &use o f  t h e  com- 

A. ' Absorption 

Specific information on t h e  absorption of chloral was not  found i n  

t h e  available l i t e r a t u r e .  Goodman and G i h a  (1970)  reported t h a t  chloral  

hydra t e  r e a d i l y  penetrates d i f f u s i o n  barriers i n  t h e  body. 

8. D i s t r i b u t i o n  

Specific information on the  d i s t r i b u t i o n  of chloral  w a s  n o t  found 

i n  t h e  available l i t e r a t u r e .  Goodman and Gilman (19701, r e p o r t i n g  on the 

d i s t r i b u t i o n  of chloral  hydrate  from o r a l  admin i i t r a t ion ,  noted its presence 

i n  ce reb rosp ina l  f l u i d ,  m i l k ,  m i o t i c  f l u i d ,  and f e t a l  blood. The au t6o r s  



noted t h a t  other  inves t iga tors  were unable t o  de tec t  s ign i f i can t  mounts of 

c h l o r a l  hydrate i n  t h e  blood after o r a l  administration (owing-probably t o  

its r q i d  reduction).  

C. Met&olism 

Information on the  m e t a o l i c  react ion of chloral is obtained in- 

d i r e c t l y  thmugh a m e t z b o k  study of t r ichloroethylene (Henschler, 1977). . . 

The author reported t h a t  t r ichloroethylene oxidizes t o  a chlorinated epoxide 

which undergoes mclecular rearrangement t o  chloral, which is fur ther  metao-  

b e d  t o  either t r ichloroethanol  or t r i ch lo roase t i c  acid. The rearrange- 

ment, detected by & * s tudies ,  is hypothesized t o  occur by a catalytic 

=t ion  of the  t r i v a l e n t  i ron  o f  P-450. 

Goodman and aha (370) noted that chloral hydrate  is reduxd t o  

t r ichloroethanol  in the liver and other  t i s sues ,  including whole blood, w i t h  

t he  r e x t i o n  catalyzed by alcohol dehydrogenase. Additional trichloro- 

ethanol  is converted t o  t r i ch lo roase t i c  z i d .  ' Chloral hydrate m a y  be di- 

r e c t l y  oxidized t o  t r i c h l o r o z e t i c  acid i n  the  liver and kidney. 

0. Excretion 

80th ch lo ra l  and c h l o r a l  hydrate are metaol ized  t o  trichlorc- 

ethanol  or t r ich loroace t ic  acid (Goodman and Gihan, 1970; Henschler, 

l977). Trichloroethanal is then conjugated a d  excreted i n  t h e  ur ine as a 

glucuronide (urochloral ic  acid)  or is converted t o  t r ich loroace t ic  = id  and 

s lowly  excreted i n  the urine.  The glucuronide m a y  also be concentrated and 

excreted i n  t h e  b i l e .  The f rac t ion  o f  +the t o t a l  ilose excreted as t r ichloro-  

ethanol,  glucuronide, and t r i c h l o r o z e t i c  = i d  is qu i t e  v a r i a b i e ,  indicat ing 

other  possible  routes of elimination. 
r .  . 
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IV .  EFFECTS 

A. Carcinogenicity 

Specific information on t h e  ca rc inogen ic i ty  of chloral  w a s  no t  

found i n  t h e  a v a i l a b l e  l i t e r a t u r e .  However, Keith (1976) reported s k i n  

tumors i n  4 of 20 mice dermally exposed t o  chloral  hydrate  (4 t o  5 pe rcen t  

s o l u t i o n  i n  x e t o n e )  . Fur the r  i n t e r p r e t a t i o n  of t he  r e s u l t s  and d i s c u s s i o n  

of t h e  study methodology were not  given. 

8. Mutagenicity,  Te ra togen ic i ty ,  and Other Reproductive Effects 

Specific information on the  mutagenicity,  * t e r a t o g e n i c i t y ,  and re- 

product ive effects of chloral w a s  no t  found i n  the  available l i t e r a t u r e .  

C. Chronic Effects 

Rats receiving 0.1 mgikg chloral  e x h i b i t e d  a r educ t ion  o f  kidney 

funct ion and serum t r ansan inase  after seven months' exposure (Kryatov, 

1970). No phys io log ica l  effects were observed i n  rats rece iv ing  0.01 mg/kg 
I 

c h l o r a l  f o r  pe r iods  o f  seven months. The r o u t e  of exposure w a s  n o t  reported.  

Chronic r e s p i r a t o r y  exposure of r a t s  and risbbits t o  chloral  a t  0.1 a 
mgi l  (100 m g / d >  produced changes i n  c e n t r a l  nervous system funct ion,  de- 

creased a n t i t o x i c  and enzyme syn thes i z ing  func t ion  o f  t h e  Liver,  and altered 

morphological characteristics of p e r i p h e r a l  blood (Pavlova, 1975).  Boitsov,  

e t  al. (1970) reported slowed growth rate,  leukocytosis ,  decreased ahumin- 

g lobu l in  r a t i o ,  and changes i n  a r t e r i a l  blood p res su re  and c e n t r a l  nervous 

system responses (unspec i f i ed )  following prolonged r e s p i r a t o r y  exposure of 

mice t o  chloral  a t  60 m g d .  

Goodman and G i l m a n  (1970) r epor t ed  g a s t r i t i s ,  s k i n  e rup t ions ,  and 

parenchymatous r e n a l  i n j u r y  i n  p a t i e n t s  s u f f e r i n g  from chronic  c h l o r a l  hy- 

d ra te  in tox ica t ion .  Habi tual  use of c h l o r a l  hydrate may r e s u l t  i n  The 

a 
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development of tolerance,  physical  dependence, and addiction. Death may 

c u r  either as a r e s u l t  of  an overdose o r  a f a i l u r e  of t h e  detoxif ica  

mechanism due t o  hepatic danage. 

F. Pcute Toxicity 

oc- 

ion 

According t o  Hann and Jensen (19741, the human acute o r a l  LD50 

of chloral is between 50 and 500 mg/kg. 

Kryatov (1970) reported t h e  f ' O U m ~  ID50 valrJes f o r  chloral :  

mice, 0.850 g/kg; rats, 0.725 g/kg; and guinea pigs ,  0.940 g/kg. 

of exposure were not stated. 

rats of 0.05 t o  0.4 g/kg, while Pavlov (1975) reported an z u t e  o r a l  

of 0.94 and 1.34 g/kg fo r  mice and rats, iespect ively.  Pavlov (1975) also 

reported inhalat ion LCs0 values of 25.5 g/m3 and 44.5 g/m3 fo r  mice 

and rats, respectively.  Boitsov, e t  al. (19970) reported an 0.733 

g/kg i n  mice. Hwley (1971) reported 

The routes 

Verschueren (1977) *ported a o r a l  LDfO for 

The route  of exposure w a s  not stated. 

that chloral is a highly tox ic ,  s t rong i r r i t a n t  and noted ingest ion or in- 

ha la t ion  m a y  be fatal. Information on acute tox ic  effects from occupational 

exposure t o  c h l o r a l  w a s  not  found i n  t h e  a v a i l a l e  l i t e r a t u r e .  

G. Other Relevant Information 

Verschueren (1977) reported an odor threshold concentration of 

c h l o r a l  i n  water of 0.047 ppm. The ar thor  a lso reported an inh ib i t ion  of 

ce l l  mult ipUcat ion in Pseudomonas sp .  a t  a c h l o r a l  hydrate concentration of 

1.6 mg/l. 

* 

V. AQUATIC TOXICITY 

A. Pcute Toxicity 

Verschueren (Is771 reported inhibit ion'  o f  c e l l  mult ipl icat ion i n  

Hann and Jensen (1974) rdked 
':. 

Microcvstis sp .  at 78 mg/l chloral hydrate. 

the 96-hour n,,, aquatic tox ic i ty  of c h l o r a l  i n  t he  range from 1 t o  10 ppm. 

B 
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E. Chronic Toxici ty  

Information on the  chronic  aqua t i c  t o x i c i t y  o f  ch lo ra l  w a s  not 

found i n  the ava i l ab le  l i t e r a t u r e .  

C. P l an t  Effects 

Shimizu, e t  al. (1974) r epor t ed  chloral  i n h i b i t e d  t h e  growth o f  

rice stems by 63.4 pe rcen t  r e l a t i v e  t o  c o n t r o l s ,  b u t  s l i g h t l y  s t imu la t ed  

r o o t  growth. The concen t r a t ion  of chloral i n  water c u l t u r e  w a s  n o t  r epor t ed .  

0. Residue 

Keith (1976) i d e n t i f i e d  chloral hydrate ‘in c h l o r i n a t e d  d r ink ing  

The sanple  l o c a t i o n s  a d  concen t r a t ions  water i n  s i x  of t e n  ci t ies sanpled. 

of chloral  hydrate  i d e n t i f i e d  were: Phi iadelphia ,  PA, 5.0 pg(1; Seattle, 

WA, 3.5 pg / l ;  C inc inna t i ,  OH, 2.0 pg/1; Terrebonne P a r i s h ,  LA, 1.0 pg/1; New 

York C i t y ,  NY,  O.O2pg/l; Grand Forks, NO, O.Olpg/l. 

E. Other Relevant Information 

Hann md Jensen (1974) rmked the aesthetic effect of chloral on 

water as very l o w  ( z e r o ) ,  not ing t h a t  t he  chemical n e i t h e r  p o l l u t e s  waters 

nor causes aesthetic problems. 

V I .  EXISTING GUIDELINES AND STANDARDS 

Boitsov, e t  al .  (1970) reported a maximum recommended chloral  concen- 

Kryatov (1970) 
s 

t r a t i o n  i n  workroom air of 0.22 mg/l (220 mg/m3) (USSR). 

reported a maximum recommended permissible concen t r a t ion  i n  bodies  of  water 

as 0.2 mg/l (USSR). Verschueren (1977) repor t ed  a maximum allowable chloral  

concentrat ion of 0.2 mg/l i n  Class I waters used f o r  d r ink ing ,  bu t  t h e  

na t ion  applying t h i s  s t anda rd  w a s  n o t  i d e n t i f i e d .  
, 
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DISCLAIMER 

T h i s  report  r e p r e s e n t s  a s u r v e y  of t h e  p o t e n t i a l  h e a l t h  
a n d  e n v i r o n m e n t a l  hazards  from e x p o s u r e  t o  t h e  s u b j e c t  chemi- 
ca l .  The i n f o r m a t i o n  c o n t a i n e d  i n  t h e  report  is drawn c h i e f l y  
from s e c o n d a r y  s o u r c e s  and a v a i l a b l e  r e f e r e n c e  documents .  
Because  of t h e  l i m i t a t i o n s  of s u c h  s o u r c e s ,  t h i s  s h o r t  p r o f i l e  
may n o t  r e f l e c t  a l l  a v a i l a b l e  i n f o r m a t i o n  i n c l u d i n g  a l l  t h e  
a d v e r s e  hea l th  and e n v i r o n m e n t a l  impacts p r e s e n t e d  by t h e  
s u b j e c t  chemical. T h i s  document h a s  undergone  s c r u t i n y  t o  
e n s u r e  i t s  t e c h n i c a l  a c c u r a c y .  

, 
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SPECIAL NOTATION 

U.S. EPA;s Carcinogen Assessment Group (CAG) has eva luated  

chlordane and has found s u f f i c i e n t  ev idence  to i n d i c a t e  

t h a t  t h i s  compound is  c a r c i n o g e n i c .  

, 
.. 
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Summary 

Chlordane is  an organochlor inated cyclodiene i n s e c t i c i d e  commonly used 

as a f o r n u l a t i o n  c o n s i s t i n g  of 24% t r ans - ,  19% cis-chlordane,  10% hepta- 

c h l o r ,  21.5% chlordenes,  7% nonachlor,  and 18.5% o f  o t h e r  organochlor inated 

material. Since heptachlor  is a l s o  a n  i n s e c t i c i d e  and is  more t o x i c  than 

chlordane,  t e c h n i c a l  chlordane is  gene ra l ly  more t o x i c  than pure chlordane. . *I 

Pure chlordane, which is a c i s / t r a n s  mixture o f  isomers, induces l iver 

cancer i n  mice and is  mutagenic i n  some assays.  Chlordane has no t  been shown 

t o  be t e r a t o g e n i c .  Li t t le  information is a v a i l a b l e  on ch ron ic  m m a l i a n  

t o x i c i t y .  Repeated doses  of chlordane produced a l t e r a t i o n s  i n  b ra in  poten- 

t i a l s  and changes i n  some blood parameters. Chlordane is a convulsant.  

Chlordane and its t o x i c  me tabo l i t e  oxychlordane accumulate i n  adipose t i s s u e .  

Ten species o f  freshwater f i s h  have reoorted 96-hr LC50 values rang- 

ing  from 8 t o  1160 pg/ l .  Freshwater i n v e r t e b r a t e s  appear t o  be more resis- 

t a n t  t o  chlordane,  w i th  observed 96-hr LC50 values  ranging from 0 to  03 

pg / l .  Five s p e c i e s  o f  saltwater f i s h  have Le50 va lues  of 5 . 5  t o  160 pg/1, 

and marine i n v e r t e b r a t e  va lues  range between 0.0 and 080 pg/1. 

Chronic s t u d i e s  involving t h e  b l u e g i l l  Daohnia maana gave an LC50 o f  1.6 
9 

W g l .  

, 
. _  
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I. INTRODUCTION 

T h i s  profile i based 

f o r  Chlordane (U.S. €PA, 1979). 

QtloRoANE 

n t h e  Ambient er Qu y 

. '  
riteria Document 

Chiordane is a broad spectmm i n s e c t i c i d e  of the group of organochlori- 

nated polycycl ic  hydrocarbons called cyclodiene i n s e c t i c i d e s .  . Chlordane has 

been used extensively over the p a s t  30 years  f o r  termite c o n t r o l  i n  homes 

and gardens, and as a c o n t m l  f o r  s o i l  insec ts .  
9 

Pure chlordane (1,2,4 , 5,6,7,8,8-0ctachloro-Z,3,3a, 4,7,7a-hexahydm-4,7- 

methanoindene) is a pale yellow l i q u i d  having the empir ical  foxmula Cl0- 
~~ 

H&18 and a 'molecular weight of 409.8. I t  is composed of a mixture of 

stereoisomers,  with -the cis- and t rans-  forms predominating, c m o n l y  refer- 

red t o  a s  alpha- and gamma-isomers, respect ively.)  The  s o l u b i l i t y  of pure 

chlordane i n  water is approximately 9 pg/1 a t  29% (U.S. €PA, 1979). 

Technical grade chlordane is a mixture of ch lor ina ted  hydrocarbons with 

a typical composition of approximately 24 percent trans(gamma)-chlordane, 19 

percent cis(alpha)-chlordane, 10 percent heptachlor (another i n s e c t i c i d a l  

ingredient  , 21.5 percent chlordene isomers , 7 percent nonachlor, and 18.5 

percent c lose ly  related chlor inated hydrocarbon compounds. Tecfrnical chlor- 

dane i s  a viscous, amber-colored l i q u i d  wi th  a c d a r - l i k e  odor. I t  has a 

vapor pressure of 1 x The s o l u b i l i t y  of technica l  

chlordane i n  water is 150 t o  220 pg/l a t  22OC (U.S. P A ,  1979). 

mn Hg a t  25%. 

Production of chlordane was 10,000 metric tons i n  1974 (41 FR 7559; 

Both uses and production volume have declined exten- February 19, 1976). 
s i v e l y  since the issuance of  a r e g i s t r a t i o n  , suspension not ice  by t h e  u.S. 

EPA ( rS  FR3US6; December 24, 1975) f o r  a l l  food, crop, home, and . garden 

d .__ 

I .  
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uses of chlordane. Huwever, use of  chlordane f o r  termite c o n t r o l  and l i m i t -  

ed usage (through 1980) as an a g r i c u l t u r a l  i n s e c t i c i d e  a r e  s t i l l  permitted 

( 4 3  FR 12372; March, 1978). 

Chlordane persists f o r  prolonged per iods  i n  t h e  environment (U.S. €PA, 

1979). Photo-cis-chlordane can be produced i n  water and on p l a n t  sur faces  

by t h e  a c t i o n  of s u n l i g h t  (Benson, e t  a l .  1971) and has been found t o  be 

twice as t o x i c  as chlordane t o  f i s h  and mammals ( I v i e ,  e t  a l .  1972; Podow- 

s k i ,  e t  a l .  1979). Photo-cis-chlordane ( 5  n g / l )  is accumulated more (ca.  

20%) by g o l d f i s h  (Carass ius  a u r a t u s )  than chlordane ( 5  ng/ l )  i t se l f  (Ducat 

and Khan, 1979). 

Air t r a n s p o r t  of chlordane has been hypothesized t o  account f o r  resi- 

dues i n  Sweden (Jansson, e t  a l .  1979). Residues i n  a g r i c u l t u r a l  s o i l s  may 

be a s  high as 195 ng/g dry weight of  s o i l  (Requejo, e t  a l .  1979). 

I1 EXPOSURE 

A .  Water 

Chlordane has been detected i n  f in i shed  waters a t  a maximum concen- 

t r a t i o n  of 8 p g / l  (Schafer ,  e t  a l .  1969) and i n  ra inwater  .(Bevenue, e t  a l .  

1972; U.S. EPA, 1976). There have been r e p o r t s  of ind iv idua l  household 

wells becoming contaminated af ter  a house is treated w i t h  chlordane f o r  ter- 

mite c o n t r o l  (U.S. EPA, 1979).  A recant  contamination o f  a municipal water 

system has been discussed by Harrington, e t  a l .  (1978). Chlordane has a l s o  

been detected i n  rainwater  (U.S. €PA, 1976). 

* 

8. Food 

Chlordane has been found inf reauent ly  i n  food s u p p l i e s  s i n c e  1965, 

when the FDA began systematic  monitoring f o r  ‘chlordane (Nisbe t ,  1976). The 

only q u a n t i f i a o l e  sample c o l l e c t e d  was 0.059 mg chlordane/kg measurea i n  a 

sample of g r z i n  i n  1972 (Manske and Johnson, 1975). I n  t h e  most recent ly  

.. 
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published . r e s u l t s  ( f o r  19751, chlordane was not detected (Johnson and 

Manske, 1977). 

exposure. 

1976). 

Fish are thought . to  represent  the mqst s ign i f i can t  d i e t a r y  

The average da i ly  uptake from f i s h  is  estimated a t  1 pg (Nisbet ,  

The U.S. €PA (1979) has estimated the weighted average bioconcen- 

t r a t i o n  f a c t o r  f o r  chlordane t o  be 5,500 for the  edible por t ions  o f  f i s h  and 

she l l f i sh  consumed by Americans. This estimate was based on measured steady- 

state bioconcentration s t u d i e s  i n  t h e  sheepshead minnow (Cvprinodon variwa- 
t u s )  . 4 - 

Eighty-seven percent of 200 samples of milk c o l l e c t e d  i n  I l l i n o i s  

from 1971 t o  .1973 were p o s i t i v e  f o r  chlordane. The average concentrat ion 

was 50 p g / l  (Moore, 1975 as reviewed by Nat. Acad. Sci. ,  1977). Cyclo- 

dienes,  such as chlordane, apparsnt ly  are ingested wi th  forage and tend t o  

concentrate  i n  l i p i d s .  Oxychlordane, a metabol i te  of chlordane and hepta- 

c h l o r ,  was found i n  46 percent  of 57 human milk samples c o l l e c t e d  during 

1973-74 i n  Arkansas and Mississippi. The mean value was 5 ug / l ,  and the  

m a x i m u m  was 20 ug/l (Strassnan and Kutz, 1977). 

C. I nha la t ion  
. In  a survey of the e x t e n t  of atmospheric contamination by pesti- 

cides, a i r  was sampled a t  nine l o c a l i t i e s  r ep resen ta t ive  of  both'urban and 

a g r i c u l t u r a l  areas .  Chlordane was not detected i n  any samples (Stanley,  e t  

a l .  1971). In a l a r g e r  survey, 2,479 samples were c o l l e c t e d  a t  45 sites i n  

16  states. Chlordane was detected in only two samples, wi th  concentrat ions 

of 84 and 204 ng/m3 (Nisbet, 1976). The vapor concentrat ions t3 which 

spray operators  are exposed have not  been estimated-. 
i . 
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D. Dermal E f f e c t s  

Chlordane can be absorbed through t h e  s k i n  t o  produce t o x i c  effects 

. (Gossel in ,  e t  a l .  1976). Spray o p e r a t o r s ,  chlordane formulators  and farmers 

Chlordane has been known t o  p e r s i s t  f o r  as long as two may be exposed. 

years on t h e  hands (Karen, e t  a l .  19741. Oermal va lues  i n  rats range 

from 530 t o  700 mg/kg (U.S. €PA, 1979). 

111. PHARMACOKINETICS 

A. Absorption . 4  

G a s t r o i n t e s t i n a l  abso rp t ion  o f  ch lo rdane  i n  ra ts  ranged from 6 per- 

c e n t  wi th  a s i n g l e  dose t o  10-15 pe rcen t  wi th  smaller dai ly  doses (Barne t t  

and Domugh, ,1974). 
. . .. 

B. D i s t r i b u t i o n  

,, . ,- ; . '. 

I n  a s tudy of  t h e  d i s t r i b u t i o n  o f  chlordane and its metabo l i t e s  

u s ina  r a d i o a c t i v e  'carbon, t h e  l e v e l s  of r e s idues  i n  t h e  t i s s u e s  were low. - 
except  i n  the f a t  (Barne t t  and Dorough, 1974). Rats were fed 1, 5, and 25 

mg chlordane/g i n  food f o r  56 days. Concentrat ions of chlordane r e s idues  i n  

f a t ,  l i v e r ,  kidney, b r a i n ,  and muscle were 300, 12, 10, 4, and 2 percent ,  

r e s p e c t i v e l y ,  of the  concen t r a t ion  i n  t h e  d i e t .  A l l  r e s idues  dec l ined  

s t e a d i l y  f o r  4 weeks, a t  which time concen t r a t ions  were reduce! about 60 

pe rcen t .  During t h e  next  fou r  weoks, r e s i d u e s  decl ined only s l i g h t l y .  

C. Metabolism 

Mammals metabolize chlordane t o  oxychlordane, v i a  1, 2-dichloro-' 

chlordene which is about twenty times more t o x i c  than the pa ren t  compound 

and persists i n  adipose t i s s u e  (Polen, e t  a l .  1971; Tashiro and Matsumura, 

1978; S t r e e t  and Blau, 1972). Oxychlordane can degrade t o  form l-hydroxy-2- 

cyclochlordenes , and l-hydroxy-2-chloro-2,3-epoxy-chlordenes ( Tashiro and 

Matsumura, 1978). I n  g e n e r a l ,  t he  metabolism of chlordane t akes  p l ace  via a 

cdOO4lt3 
9 



series of oxidat ive enzyme react ions.  None of the  metabolic intermediates  

(except f o r  oxychlordane) and end products a r e  more t o x i c  than chlordane 

(Barnet t  and Dorough, 1974; Tashiro and Matsumura, 1977; Mastri, et al .  

1969). Trans-nonachlor, a major impurity i n  t e c h n i c a l  chlordene, is con- 

verted t o  trans-chlordane i n  rats, but  t h i s  is nor: important i n  humans. 

T h i s  exp la ins  the fact that trans-nonachlor accumulates i n  humans but  not i n  

rats (Tashim and Matsumura, 1978). A very small amount of cis- o r  trans- 

chlordane can be converted t o  heptachlor i n  rat liver (Tashiro and Matsu- 

ntura, 19771. \ 

0. Excretion 

Chlordane is primari ly  excreted i n  the feces of  rats,. only about 

s i x  percent  of the t o t a l  intake being eliminated i n  the urine.  Urinary ex- 

c r e t i o n  of chlordane i n  r a b b i t s  is g r e a t e r  than exc re t ion  i n  the fecar (Nye 

and Oorough, 1976). 

The half-life of chlordane i n  a young boy was reported t o  be ap- 

proximately 21 days (Curley and Garret tson,  19691, whi le  f o r  Ets it  was 23 

days (Barnet t  and Oorough, 1974). The half-life o f  chlordane i n  t h e  s e w  

of a young g i r l  was 88 days (Aldrich and Holmes, 1969). 

I V .  EFFECTS 

A. Carcinogenicity s 

Hepatocellular carcinomas were induced i n  both sexes of  two s t r a i n s  

of mice fed pure (95%) chlordane (56.2 mg/kg) i n  t h e  d i e t  f o r  80 weeks (Na- 

t i o n a l  Cancer I n s t i t u t e ,  1977; Epstein,  1976). In  contrast t o  f ind ings  with 

mice, a s i g n i f i c a n t l y  increased incidence of hepa toce l lu l a r  carcinomas d id  

not appear i n  rats administered chlordane. Dosages were near the maxinrm 

permissible (National Cancer I n s t i t u t e ,  1977). 
. _  . 
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B. Mutagenicity 

Pure or  t e c h n i c a l  chlordane induced unscheduled DNA s y n t h e s i s  i n  

t h e  SV-40 transformed human f i b r o b l a s t  ce l l  l i n e  VA-1. Metabolic a c t i v a t i o n  

e l imina ted  t h i s  effect (Ahmed, e t  a l .  1977) .  Chlordane d i d  not  induce muta- 

t i o n s  i n ' t h e  dominant le thal  assay i n  mice (Arnold, e t  a l . '  1977). 

' While n e i t h e r  pure cis-chlordane nor pure trans-chlordane was muta- 

gen ic  i n  t h e  Ames Salmonella microsome assay, t e c h n i c a l  grade chlordane was 

mutagenic. Microsomal a c t i v a t i o n  d i d  not  enhance the  mutagenic a c t i v i t y  

(Sirraron, e t  a l .  1977). 

C. Te ra togen ic i ty  

Chlordane was found not  t o  be t e r a t o g e n i c  i n  rats when fed a t  con- 

c e n t r a t i o n s  of 150 t o  300 mg/kg du r ing  g e s t a t i o n  ( I n g l e ,  1952).  

D. Other Reproductive Effects 

P e r t i n e n t  data could not  be loca ted  i n  t h e  a v a i l a b l e  l i terature.  

E. Chronic Toxici ty  

There appears t o  be l i t t l e  information on ch ron ic  mammalian tox i -  

c i t y .  Daily i n j e c t i o n s  o f  0.15 t o  25 mg chlordanelkg i n  a d u l t  rats r e s u l t e d  

i n  dose-dependent a l t e r a t i o n s  o f  b r a i n  p o t e n t i a l s  (Hyde and Falkenberg, 

1976). As changes were directly related t o  l eng th  of exposure,  it was con- 

eluded t h a t  chlordane may be a cumulative neurotoxin.  Length of exposure 

was no t  specified. Repeated doses  of chlordane given t o  g e r b i l s  produced 

changes i n  serum p r o t e i n s ,  blood glucose,  and a l k a l i n e  and acid phosphatase 

a c t i v i t i e s  (Karel and Saxena, 1976). Again, du ra t ion  of t reatment  was not 

specified. 

* 

. _  
F. Other Relevant Information 

Carbon t e t r a c h l o r i d e  produced more ex tens ive  h e p a t o c e l l u l a r  hecro- 

sis i n  chlordane-pretreated rats than i n  r a t s  which were not p r e t r e a t e d  

(Stenger ,  e t  a l .  1975). Rats su f fe red  g r e a t e r  c i r r h o s i s  when chlordane (50 

B 
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Ng/kg/day) exposure f o r  t en  weeks followed p r i o r  exposures of t en  weeks f o r  

carbon t e t r a c h l o r i d e  above (110 mg/l) o r  with chlordane (Mahon and Oloffs,  

1979). Q u a i l  treated wi th  chlordane followed by endrin had considerably 

more chlordane rzsidues i n  their b r a i n s  than did q u a i l  treated w i t h  chlor-  

dane alone (Ludke, 1976). Quail pretreated with 10 mg/kg chlordane exh ib i t -  

ed decreased s u s c e p t i b i l i t y  t o  parathion (Ludke, 197). Chlordane is a con- 

vulsant and emetic. It induces twitching,  s e i z u r e s  and electroencephalo- 

graphic dysrhythnia i n  humans. Acute symptoms can be a l l e v i a t e d  wi th  pheno- 

barbital .  Acute o r a l  LO50 values f o r  the rat range f r o m  100 t o  112 mg/kg 

(U.S. EPA, 1979); The no observable effect l e v e l  was found t o  be 2.5 mg/kg/ 

-+ 

day over 15 days (Natl. Acad. Sci . ,  1977). 

Chlordane i n h i b i t s  gmwth of human v i r idans  s t r ep tococc i  of  the 

Complete i n h i b i t i o n  of gmwth occurred a t  3 ppm, and about buccal cavi ty .  

20 percent  i n h i b i t i o n  was seen a t  1 ppm (Goes, e t  a l .  1978). 

V. AQUATIC TOXICITY 

A. Acute Toxicity 

Ten species of freshwater f i s h  have reported 36-hr LC50 values 

ranging from 8 t o  1160 ug/1 r e s u l t i n g  f r o m  t echn ica l  and pure chlordane 

exposure wi th  a geometric mean of 16 c(g/1. Rainbow t r o u t ,  Salno a a i r d n e r i  - 
(Mehrle, e t  al. 1971) was the  most s e n s i t i v e  species tested, 

a 

t h e  channel 

catfish ( I c t a l u r u s  punctatus) the least s e n s i t i v e .  The freshwater inverte-  

brates were more s e n s i t i v e  t o  chlordane, wi th  a reported LC50 value rang- 

ing from 4.0 f o r  freshwater shrimp Palaemonetes kadiakensis (Sanders, 1972) 

t o  rr0 pg / l  (Cammarus f a s c i a t u s ) ,  w i th  a geometric mean of  0.36 pg/l. 

lized in 24 hours. Only 0.61 percent is converted a f t e r  25 days. . Some 

metabol i tes  were chlordene chlorohydrin and monohydroxy derivatives (? r ercz 

and Wan, 1979). 

In 

goldf ish (Carassius au ra tus )  .Only 0.13 percent , of cis-chlordane is metabo- 



The LCSo1s for four species of saltwater f i s h ,  sheepshead minnows 

(Cvprinodon verieaatus) , striped bass (Morone saxa t i l i s )  , p i n f i s h  (Laaodon 

rhomboides), and white mullet (Muoil curema), ranged from 5.5 to 24.5 pg/l. 

The three-spine stickleback (Gasterosteus aculeatus yielded 96-hr LCs0 

values which ranged from 90-160 pg/1 (Katz, 1961). Invertebrate LCs0 Val- 

ues ranged from 0.4 for  the  p ink  shrimp, Penaeus duorarum (Parrish, e t  a l .  

1976) to 480 pg/1. The geometric mean of the adjusted LCs0 values f o r  in -  

vertebrates was 0.18 ug/l (U.S. €PA, 1979). 
3 

E. Chronic Toxicity 

I n  a l i fe  cycle bioassay involving freshwater organisms, t h e  chron- 

ic  values for. the bluegill LeDomis macrochirus (Cardwell, e t  a l .  1977) was 

1.6 yg/1. I n  two tests involving the sheepshead minnow, Cyorinodon varieaa- 

- t u s ,  the chronic values were 0.63 pg/l fo r  the l i f e  cycle t e s t  (Parrish, e t  

a l .  1978) and 5.49 1.1911 for an embryo-level t e s t  (Parrish, e t  a l .  1976). 

Many blood parameters ( c l o t t i n g  time, mean corpuscular hemoglobin 

and cholesterol level)  are lowered af te r  the te leost ,  Sacco-branchus fossil- 

-9 u s  is exposed to 120 Dg/l  of chlordane fo r  15 t o  60 days (Verna, e t  a l .  

1979). Similar results were obtained i n  Labeo rohita a t  doses 2 23 pg/l 

a f t e r  30 t o  60 day exposures (Eansal, e t  a l .  1979). 
9 C. Plant Effects 

A natural saltwater phytoplankton community suffered a 94 percent 

decrease i n  productivity during a 4-hour exposure a t  1,000 pg/l (Butler, 

1963). 

0. Residues 

In Daphnia maona, chlordane was bidconcentrated 6,000-fold a f t e r  

seven 'days' exposure and 7,400-fold by scuds (Hvallela azteca)  a f t e r  65 days 

of exposure (Cardwell, e t  a l .  1977). After 33 days' exposure, the fresh- 

. -. 
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water alga (Oedeaonium sp. bioconcentrated chlordane 98,000-fold; Physa 

sp., a s n a i l ,  concentrated it 133,000-fold (Sanborn, - e t  a l .  1976). Equi l i -  

brium bioconcentration f a c t o r s  f o r  t h e  sheepshead minnow ranged from 6,580 

t o  16,035 (Goodman, e t  al. 1978; Pa r r i sh ,  e t  al. 1976). 

V I .  E X I S I N G  GUIDELINES A N 0  STANDARDS 

A. Human 

The i s s u e  of the ca rc inogen ic i ty  of chlordane i n  humans is being 

reconsidered; t.hs, there is a p o s s i b i l i t y  that the c r i t e r i o n  f o r  human 

health w i l l  be changed. Based on the data for  carcinogenici ty  i n  mice (Ep- 
4 

stein, 19761, and using the "one-hit" model, t h e  U.S. €PA (1979) has est i -  

mated levels of chlordane i n  ambient water which w i l l  r e s u l t  i n  r i sk  l e v e l s  

of hman cancer as specified i n  the table below. 

Exoosure Assmotions Risk Levels and Corresuondinq D r a f t  Criteria 

0 
(per day 

10-5 - 10-6 - 10-7 - - 
2 liters of dr inking water 0 0.012 ng/l  0.12 ng/l  1.2 np/l  and consumption of 18.7 
grams f i s h  and s h e l l f i s h .  

Consumption of f i s h  and 0 0.013 ng/l  0.13 ng/l  1.3 ng/ l  s h e l l f i s h  only. 

The ACGIH (1977) adopted a time-weighted average value o f  0.5 

mg/m3 fo r  chlordane, w i t h  a short-term exposure limit (15 minutes) of  2 
mg/m 3 . 

A limit of 3 Ng/l f o r  chlordane i n  dr inking water is suggested 

under the  proposed Interim Primary Orinking Water Standards (lo FR 11990, 

March 14, 1975). 
, 

Canadian Orinking Water Standards .-(Oept. Natl. Health Welfare, 

1968) l i m i t  chlordane t o  3pg/ l  i n  raw water suppl ies .  

008423 



8 .  Aquatic 

For chlordane, t h e  proposed cri terion t o  protect freshwater aquatic 

l i f e  is 0.024 Ng/1 f o r  a 24-hour average, not  t o  exceed 0.36 pg/l a t  any 

time (U.S. €PA, 1979). For saltwater aquatic species, t h e  draf t  criterion 

is 0.0091 pg/ l  fo r  a 21-hour average, not  t o  exceed 0.18 pg/l a t  any time 

(U.S. €FA, 1979). 

Is - Y13- 
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DISCLAIMER . 

. 

This report represents  a survey of the p o t e n t i a l  h e a l t h  
and environmental hazards from exposure t o  the subject chemi- 
cal. The information contained i n  the report is drawn ch ie f ly  
f rom secondary sources and a v a i l a b l e  re ference  documents. 
Because of t he  l i m i t a t i o n s  of  such sources,  t h i s  short' p r o f i l e  
may n o t  r e f l e c t  a l l  a v a i l a b l e  information including a l l  the 
adverse health and environmental impacts presented by the 
s u b j e c t  chanical .  
ensure i t s  t echn ica l  accuracy. 

This document has undergone scru t iny  t o  
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. 
CHLORINATED BENZENES 

Summary 

The chlor ina ted  benzenes are a group o f  compounds with a 

w i d e  v a r i e t y  of phys ica l  and chemical c h a r a c t e r i s t i c s  depending 

on the degree of ch lo r ina t ion .  As c h l o r i n a t i o n  increases ,  the  

pe r s i s t ence  of  the compound i n  t h e  environment increases .  on 

chronic  exposure l i v e r  and kidney changes a r e  noted, and the 

degree of t o x i c i t y  inc reases  w i t h  the degree of ch lo r ina t ion .  

The chlor ina ted  benzenes have no t  been shown t o  be t e ra togens  o r  

mutagens. Only hexachlorobenzene h a s  been demonstrated t o  be 

carcinogenic  i n  labora tory  animals .  

Aquatic t o x i c i t y  d a t a  i n d i c a t e  a t rend  t o  increas ing  t o x i c i t y  

w i t h  increas ing  c h l o r i n a t i o n  f o r  a l l  spec ie s  t e s t ed .  For the 

b l u e g i l l ,  f o r  example, the following 96-hour LC50 values;  have 

been noted: chlorobenzene, 15,900 ug/ l ;  1 ,2 ,4- t r ichlorobenzene,  

200 ug/ l .  Other f reshwater  and sa l twa te r  f i s h ,  i n v e r t e b r a t e s  

and p l a n t s  are gene ra l ly  less s e n s i t i v e  t o  chlorobenzenes than 

$he b l u e g i l l .  The sheephead minnow yie lded  a chronic value of 

14.5 ug/l  f o r  1,2,4,5tetrachlorobenzene i n  an embryo-level 

t e s t .  ,After 28 days of exposure, the  bioconcentrat ion f a c t o r s  

f o r  the b l u e g i l l  f o r  pentachlorobenzene and 182 ,4 ,5- te t rachloro-  

benzene were 3,400 and 1,800, r e s p e c t i v e l y .  
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CHLORINATED BENZENES 

, 

1. INTRODUCTION . 
T h i s  p r o f i l e  is b a s e d  i n p a r t  on  t h e  A m b i e n t ,  Water Q u a l i t y  

C r i t e r i a  Document  f o r  C h l o r i n a t e d  B e n z e n e s  (U.S. EPA, 1 9 8 0 ) .  

T h i s  d o c u m e n t  s u m m a r i z e s  t h e  g e n e r a l  p r o p e r t i e s  of t h e  c h l o r i -  

n a t e d  b e n z e n e s .  F o r  f u r t h e r  i n f o r m a t i o n  on m o n o c h l o r o b e n z e n e ,  

L B 2 , 4 - t r i c h l o r o b e n z e n e ,  o r  h e x a c h l o r o b e n z e n e ,  r e f e r  t o  t h e  s p e c i f i c  . 

EPA/ECAO H a z a r d  P r o f i l e s  f o r  t h e s e  compouads .  F o r  d e t a i l e d  

i n f o r m a t i o n  on t h e  o t h e r  c h l o r i n a t e d  b e n z e n e s  r e f e r  t o  t h e  A m b i e n t  

Water Q u a l i t y  Document  ( U . S .  EPA, .1980) .  

T h e  c h l o r i n a t e d  b e n z e n e s ,  e x c l u d i n g  d i c h l o r o b e n z e n e s * ,  a r e  

m o n o c h l o r o b e n z e n e  (C6H3Cl) ,  1 , 2 , 4 - t r i c h l o r o b e n z e n e  (C6H3C13) , 
1 , 3 , 5 - t t i c h l o r o b e n z e n e  ( C 6 8 3 c 1 3 ) ,  1,2,3,4-tetrachlorobenzene 

(CgH2C14) , 1,2,3,5=tetrachlorobenzene (CgH2Clq) ,  1 , 2 , 4 , 5 -  

t e t r a c h l o r o b e n z e n e  (CgHzC14) , p e n t a c h l o r o b e n z e n e  ( C g C l 5 )  a n d  

h e x a c h l o r o b e n z e n e  ( C g c 1 6 )  A l l  c h l o r i n a t e d  b e n z e n e s  a r e  c o l o r l e s s  

l i q u i d s  o r  s o l i d s  w i t h  a p l e a s a n t  a roma.  The  m o s t  i m p o r t a n t  

p r o p e r t i e s  i m p a r t e d  b y  c h l o r i n e  t o  t h e s e  compounds  a r e  s o l v e n t  

p o w e r ,  viscosity a n d  m o d e r a t e  c h e m i c a l  r e a c t i v i t y .  V i s c o s i t y  

a n d  n o n f l a m m a b i l i t y  t e n d  t o  i n c r e a s e  w i t h  d e g r e e  of c h l o r i n a t i o n .  

Vapor  p r e s s u r e s  a n d  water  s o l u b i l i t y  d e c r e a s e  p r o g r e s s i v e l y  w i t h  

t h e  d e g r e e  o f  c h l o r i n a t i o n  ( U . S .  EPA, 1980) .  

* t h e  h e a l t h  a n d  e n v i r o n m e n t a l  e f f e c t s  o f  d i c h l o r o b e n z e n e s  a r e  
d i s c u s s e d  i n  H E B D ' s  Nos. 64-67 .  

- 
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The c u r r e n t  production, based on annual production i n  the 

U . S . ,  was 139,105 kkg o f  monochlorobenzene i n  1975, 12,849 kkg of 

1,2,4.-trichlorobenzene, 8,182 kkg of 1,2,4,5-tetrachlorobenzene 

and 318 kkg of hexachlorobenzene i n  1973 ( W e s t  and Ware, 1977; 

EPA, 1975a). The remaining ch lor ina ted  benzenes a r e  produced 

mainly a s  by-products from the production processes f o r  the above 

four  chemicals. 

i n  i ndus t ry  depending upon the ind iv idua l  p rope r t i e s  of t h e  

s p e c i f i c  compound. S a m e  u s e s  are as so lven t s ,  chemical i n t e r -  

Chlorinated benzenes have many and d i v e r s e  u s e s  

mediates, flame retardants,  and p l a s t i c i z e r s .  

11. EXPOSURE 

A. Water 

Mono-, tri-, and hexachlorobenzene have been de tec ted  

i n  ambient water. Because  of  i t s  high v o l a t i l i t y ,  monochlorobenzene 

h a s  a s h o r t  h a l f - l i f e  of  only 5.8 hours  (Mackay and Leinonen, 

1975). However, hexachlorobenzene has an extremely long r e s i d u e  

t h e  i n  w a t e r ,  appearing to  be ubiqui tous i n  the aqueous environment. 

Monochlorobenzene has been de tec t ed  i n  "uncontaminated" water a t  

Levels of 4.7 ug / l .  Both t r ichlorobenzene and hexachlorobenzene 

have been de tec ted  i n  d r ink ing  waters a t  concent ra t ions  of 1.0 

u g / l  and 4 t o  6 ng / l  r e spec t ive ly  (U.S. EPA, 1980). There i s  no 

information a v a i l a b l e  on the concent ra t ion  of the o t h e r  ch lo r ina t ed  

benzenes i n  water. 

B. Food 

There is  l i t t l e  d a t a  on t h e  consumption of  ch lo r ina t ed  

benzenes i n  food. All the  ch lor ina ted  benzenes appear t o  

. _ i  -. 
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, 

concent ra te  i n  f a t ,  and can be absorbed by p l a n t s  from contaminated 

0 soil .  Both pentachlorobenzene and hexachlorobenzene have been 
- 

dete&ed i n  meat f a t  (e.g.  S t i j v e ,  1971; Ushio and Ikguchi,  

1977). Hexachlorobenzene, the m o s t  ex tens ive ly  s t u d i e d  compound, 

has been found in a wide v a r i e t y  of foods from c e r e a l s  t o  milk 

(including.human brea8.t mi lk ) ,  eggs, and meat. The U.S. EPA 

( 1980) has estimated t h e  weighted bioconcentZration f a c t o r s  f o r  

f reshwater  spec ies  : 

Chemical 
’ Weighted 

bioconcentrat ion f a c t o r  

monochlorobenzene 13 
1,2,4=trichlorobenzene 18 2 
1,2,3,5-tetrachlorobenzene 1,800 

3,400 pentachlorobenzene 
hexachlorobenzene 22,000 . 

, 

These est imates  w e r e  based on the  octanol/water p a r t i -  

t i o n  c o e f f i c i e n t s  of  the chlor ina ted  benzenes. 

C. Inha la t ion  

There is no a v a i l a b l e  data on t h e  concentrat ion of  

ch lor ina ted  benzenes i n  ambient a i r  w i t h  the exception of 

measurements of aerial  f a l l o u t  of p a r t i c u l a t e  bound 1,2 ,4-  

t r ichlorobenzene i n  southern California. 

s h o w e d  median l e v e l s  of 1,2,4-trichlorobenzene of less than 

, 
Five sampling s i tes  

11 ng/m2/day (U.S. EPA, 1980). The primary s i t e  of i nha la t ion  

exposure to chlor ina ted  benzenes i s  the workplace i n  i n d u s t r i e s  

u t i l i z i n g  and/or producing these compounds 

111. PHARMACOKINETICS 

A. Absorption 

There is l i t t l e  data on t h e  absorpt ion of o r a l l y  

administered ch lo r ina t ed  benzenes. I t  i s  apparent from the  

oow34 3 6-6 . * .  ,, . ; 
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tox ic i ty  of o ra l ly  administered compounds t h a t  absorption does 

take place, and tetrachlorobenzene has been shown to  be absorbed 

relat 'ively e f f i c i en t ly  by rabbi ts  (Jondorf, e t  a l .  1958). 

Pentachlorobenzene was absorbed poorly a f t e r  subcutaneous inject ion 

(Parke and W i l l i a m s ,  1960). Hexachlorobenzene was absorbed poorly 

from an o ra l ly  administered aqueous solution (Koss and Kornasky, 

19751, b u t  with high efficiency when administered i n  o i l  (Albro 

and Thomas, 1974). The more highly chlorinated compounds i n  food 

products select ively pa r t i t i on  in to  the l i p i d  portion and are  

absorbed f a r  be t t e r  than those i n  the aqueous portion ( U . S .  EPA, 

1980). _ .  

B. Distribution 

The chlorinated benzenes are  l i p p h i l  i c  compounds, w i t h  

greater l ipophi l ic  tendencies i n  the more highly chlorinated 

I compounds. The predominant uptake s i t e  i s  e i ther  suspected or  

known t o  be the l i p id  , t issues of the body (Lee and Metcalf, 

1975: U . S .  EPA, 1980). 

C. Metabolism 

The chlorinated benzenes a r e  metabolized i n  the l i v e r  

by the NAD'PH-cytochrome P-448 dependent microsomal enzyme sys tem 

(Ariyoshi, e t  a l .  1975; Koss, e t  a l .  1976). A t  l e a s t  for  

monochlorobenzene,. there  i s  evidence t h a t  toxic intermediates a re  

formed'duaring metabolism (Kohli, e t  a l .  1976) Various conjugates 

and phenolic derivatives a re  the primary excretory end products 

of  chlorinated benzene metabolism. Conjugates of the more highly 

chlorinated compounds, such as  hexachlorobenzene, a re  only formed 

t o  a l imited 'extent ,  and t h e i r  metabolism i s  re la t ive ly  slow. 

1. . . .  
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D. Excretion 

The less -ch lor ina ted  benzenes are excreted as polar 

metabolites o r  conjugates i n  the urine. An exception occurs w i t h  

monochlorobenzene is  an exception: i n  the r a b b i t ,  27 percent  of 

an administered dose appeared as unchanged compounds i n  expired 

a i r  ( W i l l i a m s ,  1959). The t w o  h ighly  ch lor ina ted  camp~unds, 

pentachlorobenzene and hexachlorobenzene, are predominately 

el iminated in unchanged form by f e c a l  excre t ion  (Koss and Koransky, 
e 

1975; .ROzman, e t  a l .  1979). The b i o l o g i c a l  h a l f - l i v e s  o f  t hese  

t w D  compounds are extremely long i n  comparison t o  those o f  the 

less -ch lor ina ted  compounds ( U .  S. EPA, 1980). 

IV. EFFECTS 

A.  Carcinogencity 

The carcinogenic p o t e n t i a l  of monp and tetrachlorobenzene 

have not  been inves t iga t ed  ( U . S .  EPA, 1980). I n  one study, 

t r ichlorobenzene was n o t  shown t o  produce any s i g n i f i c a n t  i nc rease  

i n  l i v e r  tumors (Gotto, e t  a l .  1972). There i s  one report, not  

c r i t i c a l l y  evaluated by EPA (1980), which a l l u d e s  t o  the carcin- 

genc i ty  of pentachlorobenzene i n  mice and the absence of t h i s  

' ac t iv i ty  i n  rats and dogs (Preussman, 1975). L i f e - t h e  feeding 

s t u d i e s  i n  hamsters (Cabral, e t  al. 1977) and mice (Cabral,  e t  

al. 1978) have demonstrated t h e  carcinogenic a c t i v i t y  o f  hexa- 

chlorobenezene. However, s h o r t e r  term s t u d i e s  f a i l e d  t o  demonstrate 

an  increased tumor incidence i n  s t r a i n  A m i c e  o r  ICR &ice (Theiss, 

e t  a l .  1977; Shirai, e t  a l .  1978). Chlorobenzene has been t e n t a t i v e -  

ly selected for long-term bioassay t e s t i n g  by NCI ( U . S .  EPA, 1978b). 
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B. Mutagenici ty  

There are no reports of stud' ies conducted t o  e v a l u a t e  

the mutagenic p o t e n t i a l  of t r i - , t e t r a -  and pentachlorobenzene. 

Chlorobenzene causes  m u t a t i o n s  i n  S . a n t i b i o t i c u s ,  and chromosomal 

damage and m i t o t i c  i n h i b i t i o n  i n  root t i p s  o f  h i g h e r  p l a n t s ,  and 

i s  n o t  mutagenic i n  the fungus A.nidulans (U.S. EPA, 1978b).  

Hexachlorobenzene w a s  assayed for  mutagenic a c t i v i t y  i n  the 

dominant l e t h a l  assay ,  and shown t o  be i n a c t i v e  (Khera, 1974).. 

C. T e r a t o g e n i c i t y  

There are no a v a i l a b l e  reports on the t e r a t o g e n i c  

p o t e n t i a l  o f  mono-, tri-, and t e t r a - ,  chlorobenzene (U.S. EPA, 

1980) .  Khera (1974) concluded tha t  hexachlorobenzene i s  n o t  a 

t e r a t o g e n  when given t o  CD-1 m i c e  a t  5 0  mg/kg/day on g e s t a t i o n  

days  from 7 t o  11. Pentachlorobenzene, however, induces  a dose- 

r e l a t e d  inc idence  of s t e r n e b r a 1  defects i n  r a t s  (Khera, 1975).  

D .  Other Reproductive Ef fec ts  

B o t h  penta- and hexachlorobenzene p a s s  through 

the  p l a c e n t a  and c a u s e  f e t a l  t o x i c i t y  i n  r a t s  (Grant ,  e t  a l .  

1977).  The d i s t r i b u t i o n  of hexachlorobenzene i n  the f e t u s  appea r s  

t o  be the same as i n  the adul t , .  w i t h  the h i g h e s t  c o n c e n t r a t i o n  

i n  f a t t y  t i s s u e .  

E. Chronic T o x i c i t y  

There are no a v a i l a b l e  data o n  the c h r o n i c  e f f e c t s  of 

pentachlorobenzene (U. S. EPA, 1979).  Mono- and t r i ch lo robenzene  

p r o d u c t  h i s t o l o g i c a l  changes i n  t h e  l i v e r  and kidney (Irish, 

1963; Coate,  e t  a l .  1977).  Chlorobenzene ( o r a l l y  adminis te red  a t  

2 5 0 ,  mg/,kgs-for 3 days)  caused l i v e r  dys func t ion  and po rphyr i a  . .  
- .  

, t ,  

. .  . . .  

. .  
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(U.S. EPA, 1978b). There i s  also evidence f o r  l i v e r  damage 

occurr ing  with prolonged exposure of ra ts  and dogs t o  te t rachloro-  

benzene (Fomenko, 1965: Braun, e t  a l .  1978). HexacKlorobenzene 

has  caused h i s t o l o g i c a l  changes in t h e  l i v e r s  of ra ts  (Koss, e t  a l .  

1978).  In  humans exposed t o  undefined amounts o f  hexachlorobenzene 

f o r  an u n d e t e d n e d  time, porphyrinuria  has been shown t o  occur 

(Cam and Nigogosyan, 1963) . 
F. Other Relevant Information 

Chlorinated benzenes appear t o .  increase  t h e  a c t i v i t y  o f  

microsomal NADPH-cytochrome P-450 dependent enzyme systems. 

V. ACUATIC TOXICITY (U.S. EPA, 1980) 

A. Acute Toxicity 

The dichlorobenzenes are covered i n  a sepa ra t e  EPA/ECAO 

hazard p r o f i l e  and w i l l  no t  be covered i n  t h i s  d i sucss ion  o n  

chlorobenzenes . 
A l l  da ta  reported f o r  .freshwater f i s h  a r e  from 96-hour 

s t a t i c  t o x i c i t y  tests. 

96-hour LC50 va lues  f o r  go ldf i sh ,  guppies and b l u e g i l l s  t o  be 

51,620, 45,530, and 24,000 ug / l ,  r e s p e c t i v e l y ,  f o r  chlorobenzene. 

Picket ing and Renderson (1966) reported 

Two 96 hour LC50 values  f o r  chlorobenzene and fathead minnows are 

33,930 ug/l  i n  saltwater and 29,120 ug/ l  i n  hard water. Reported 

96-hour values f o r  t h e  b l u e g i l l  exposed to chlorobenzene, 1,2,4-  

t r ichlorobenzene,  1 ,2 ,3 ,5-  and l82,4,5-tetrachlorobenzenes and 

pentachlorobenzene are 15,900, 3,360, 6,420, 1 , 5 5 0 ,  and 250 

ug / l ,  r e spec t ive ly  ( U . S .  EPA, 1978). These d a t a  i n d i c a t e  increasing 

t o x i c i t y  with ch lo r ina t ion ,  except f o r  monochlorobenzene. ECSO 

(48 hour)  values repor ted  f o r  Daphnia magna are:  chlorobenzene 
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86,000 ug/l, 1,2,4-trichlorobenzene 50,200 ug/l, 1,2,3,5-tetra- 

chlorobenzene 9,710 ug/l, and pentachlorobenzene 5,280 ug/l. 

Toxicity tests with the sheepshead minnow ,- Cyprinodon 

varieqatus, performed with five chlorinated benzenes under static 

conditions and yielded the following 96-hour LC50 values: 

chlorobenzene 10,500 ug/l, 1,2,4-trichlorobenzene 21,400 ug/l, 

1,2,3,5-tetrachlorobenzene 3,670 ug/l,' 1,'2,4;5 tetrachlorobenzene 

840 ug/l, and pentrachlorobenzene 835 ug/l. As with sheepshead 

minnows, sensitivity of the mysid shrimp, Mysidopsis bahia, to 

chlorinated benzenes generally increases with increasing chlori- 

nation. The reported 96-hour LC50 values are as follows: 

chlorobenzene 16,400 ug/l, 1,2,4-trichlorobenzene 450 ug/l, 

1,2,3,5-tetrachlorobenzene 340 ug/l, 1,2,4,5-tetrachlorobenzene 

1,480 ug/l, and 160 ug/l for pentachlorobenzene. 

B. Chronic Toxicity 

Chronic toxicity data are not available for freshwater 

fish or invertebrate species. Only one saltwater species, 

Cyprinodon varieqatus, has been chronically exposed to any of the 

chlorinated benzenes. In an embryo-level test, the limits for 

1,2,4,5-tetrachlorobenzene are .92 to 180 ug/l, with a final 

chronic value of 64.5 ug/l. 

C. Plant Effects 

The green freshwater algae Selenastrum capricornutum 

has been exposed to five chlorinated benzenes. Based on cell 

number, the 96-hour EC50 values are as follows: chlorobenzene 
I 

220,000 ug/l, 1,2,4-trichlorobenzene 36,700 ug/l, 1,2,3,5- 

tetrachlorobenzene 17,700 ug/l, 1,2,4,5-tetrachlorobenzene 46,800 
- -  - -  

.. . . 
1 , .  
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ug/1, and pentachlorobenzene 6,780 ug/l .  

D. Residues 

N o  measured bioconcentrat ion f a c t o r  (BCF) i s  a v a i l a b l e  

However, t h e  average weighted BCF of 13 was f o r  chlorobenzenes. 

ca l cu la t ed  from octanol-water p a r t i t i o n  c o e f f i c i e n t  and o t h e r  

f a c t o r s .  .(see above) (u.s. EPA, 1980) . 
VI. E X I S T I N G  G U I D E L I N E S  AND STANDARDS 

A. Human 

Monochlorobenzene: The American Conference of  Governmental 

I n d u s t r i a l  Hygienis ts  (ACGIH, 1971) threshold l i m i t  value for 

monochlorobenzene i s  7 5  ppm. The U.S. EPA ambient water q u a l i t y  

c r i t e r i o n  for monochlorobenzene i s  2 0  ug/ l  based on the threshold 

Concentration for odor and tas te ,  and 488 ug / l  based on i t s  t o x i c  

Trichlorobenzene: The American Conference of  Government 

e f f e c t s  (U.S. EPA, 1980). 

I n d u s t r i a l  Hygienis ts  (ACGIH, 1977) threshold l i m i t  value for 

1 , 2,4-trichlorobenzene is ( 5  ppm) . 
o f  a v a i l a b l e  information f o r  t r ichlorobenzene U.S. EPA (1980) 

determined tha t  a c r i t e r i o n  could n o t  be derived using the 

guide l ines  i n  e f f e c t  i n  1980. 

Because of  the insu f f i c i ency  

Tetrachlorobenzene: The U . S .  EPA (1980) ambient  water 

q u a l i t y  c r i t e r i o n  f o r  1,2,4,5-tetrachlorobenzene based on i t s  

t o x i c  e f f e c t s ,  i s  38 ug / l .  
- 

Pentachlorobenzene: The U .S. EPA ( 1979) ambient water 

q u a l i t y  c r i t e r i o n  f o r  pentachlorobenzene based on i t s  t o x i c  

e f f e c t s  is 7 4  ugj1. 

3 6-1 2 
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Hexachlorobenzene: The v a l u e  of 0.6 ug/kg/day 

w a s  sugges t ed  by FAO/WdO as  a r e a s o n a b l e  upper  l i m i t  for  r e s i d u e s  

i n  food f o r  human consumption (FAO/WHO, 1974). The L o u i s i a n a  

State  Department of A g r i c u l t u r e  has set  the tolerated l e v e l  of 

hexachlorobenzene  i n  meat f a t  a t  0.3 mg/kg ( U . S .  EPA, 1976). The 

F A O / W O  recommendations for  r e s i d u e s  i n  f o o d s t u f f s  w e r e  0 . 5  

mg/kg i n  f a t  f o r  m i l k  and eggs ,  and 1 mg/kg i n  f a t  f o r  m e a t  and 

p o u l t r y  (FAO/WHO, 1974). For  maximum p r o t e c t i o n  of h m a n  health 

f r o m  the p o t e n t i a l  c a r c i n o g e n i c  effects  o f  hexachlorobenzene  

th rough  i n g e s t i o n  of con tamina ted  water and con tamina ted  a q u a t i c  

organisms,  the  ambient  water c r i t e r i o n  i s  0.72 u g / l  i n c r e m e n t a l  

l i fe t ime r i s k ) ( U . S .  EPA, 1980). 

'' ? .  , . .  .. . _  . . .  .., .' 

~- 
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DISCLAIMER 

T h i s  report r e p r e s e n t s  a s u r v e y  of t h e  p o t e n t i a l  h e a l t h  
and envi ronmenta l  haza rds  from exposure  t o  t h e  s u b j e c t  chemi- 
cal ,  The in fo rma t ion  con ta ined  i n  t h e  r e p o r t  is drawn c h i e f l y  
from secondary  s o u r c e s  and a v a i l a b l e  r e f e r e n c e  documents , 
Because of t h e  l i m i t a t i o n s  of such  S O U Z C ~ S ~  t h i s  sho r t  p r o f i l e  
may n o t  ref lect  a l l  available i n f o m a t i o n  i n c l u d i n g  a l l  t h e  
adve r se  health and er.vironmenta1 inisacts ? resen ted  by t h e  
s u b j e c t  chemical. T h i s  document has andergone s c r u t i n y  t o  
e n s u r e  i ts  t e c h n i c a l  accuracy .  
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CHLORINATED ETHANES 

SUMMARY 

Four of the chlorinated ethanes have been shown to 

produce tumors in experimental animal studies conducted 

by the National Cancer Institute (NCI). These four are 

1,2-dichloroethane, 1,1,2-trichloroethane, 1,1,2,2-tetra- 

chloroethane, ana hexachloroethane. Animal tumors were 

also produced by administration of l,l,l-trichloroethane, 

but this bioassay is being repeated due to premature deaths 

in one initial study. 

.. 

Two of the chlorinated ethanes, 1,2-dichloroethane 

and 1,1,2,2-tetrachloroethane, have shown mutagenic activity 

in the Ames Salmonella assay and in - -  E. coli. 1,2-Dichloroethane 

has also shown mutagenic action in pea plants and in Drosoghila. 

No evidence is available indicating that the chloroethanes 

produce teratogenic effects. Some toxic effects on fetal 

development have been shown following administration of 

1,2-dichloroethane and hexachloroethane. 

Symptoms produced by toxic exposure to the chloroethanes 

include central nervous system disorders, liver and kidney 

damage, and cardiac effects. 

8 

Aquatic toxicity data for .the effects of chlorinated 

ethanes to freshwater and mar1r.e life are few. Acute studies 

have indicated that hexachloroethane is the most toxic of 

the chlorinated ethanes reviewed. Narine organisms tend 

to be more sensitive than freshwater organisms with acute 

toxicity values as low as 540 pg/l being reported. 

-e- 
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CHLORINATED ETHANES 

I. INTRODUCTION 

This profile is based on the draft Ambient Water Quality 

Criteria Document for Chlorinated Ethanes (U.S. EPA, 1979). 

The chloroethanes (see table 1) are hydrocarbons in 

which one or more of the hydrogen atoms have been replaced 

by chlorine atoms. Water solubility and vapor pressure 

decrease with increasifig chlorination, while density and 

melting point increase. Monochloroethane is a gas at room 

temperature, hexachloroethane is a solid, and the remaining 

compounds are liquids. All chloroethanes show some solubility 

in water, and all, except monochloroethane, are more dense 
a 

than water. 

The chloroethanes are used as solvents, cleaning and 

degreasing agents, in the manufacture of plastics and textiles, 

and in the chemical'synthesis of a number of compounds. 

Current production: 

monochloroethane 
lr2-dichloroethane 

335 x 10; tons/yr in 1976 
4,000 x l o 3  tons/yr in 1976 

l,l,l-trichloroethane 215 x 10 tons/yr in 1976 

The chlorinated ethanes form azeotropes with *ater 

(Kirk and Othmer, 1963). All are very soluble in organic 

solvents (Lange, 1956). Microbial degradation of the chlorin- 

ated ethanes has not been demonstrated (U.S. EPA, 1979). 

11. EXPOSURE 

The chloroethanes are present in raw and finished waters 

due primarily to industrial discharges. Small amounts of 

the chloroethanes may be formed by chlorination of drinking 

water or treatment of sewage. Water monitoring studies 

- -  
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have shown the following levels of various chloroethanes: ' 

1,2-dichloroethane, 0.2-8 pg/1; 1,1,.2-tr ichloroetha-ne, 0.1- 

8 . 5  pg/1; 1,1,1,2-tetrachloroethane, 0.11 pg/l (U.S. EPA, 

1979). In general, air levels of chloroethanes are produced 

by evaporation of volatile chloroethanes widely used as 

degreasing agents and in dry cleaning operations ( U . S .  EPA; . 

1979). Industrial monitoring studies hava shown air levels 

of l,l,l-trichloroethane ranging from 1.5 to 396 ppm (u.S. 

EPA, 1979). 

TABLE 1 

Chloroethanes and Syfionyms 

Compound Name Synonyms 

Monochloroethane 

l,l,-Dichloroethane 

1,2-Dichloroethane 

l,l,l-Trichloroethane 

lIl,2-Trichloroethane 

1,1,1,2-Tetrachloroethane 

1,1,2,2-Tetrachloroethane 

Pentachloroethane 

Hexachloroethane 

Chloroethane Ethyl chloride 

Ethylidene Dichloride Ethylidene Chlor 

Ethylene Dichloride Ethylene 

Methyl Chloroform Chlorothene 

Ethane Trichloride 

Tetrachloroethane 

Vinyl Trichloride 

Acetylene Tetrachloride Sym-tetrachloroethane 

Pentalin Ethane Pentachloride 

Perchloroethane 

Sources of human exposure to chloroethanes include 

water, air, contaminated foods and fish, and dermal absorption. 

The two most widely used solvents, 1,2-dichloroethane and 

1 , I, 1-tr ichloroethane , are the compounds 'most of ten detected 
in foods. Analysis of several foods indicated l,l,l-trichloro- 

7' 



ethane levels of 1-10 pg/kg (Walter, et al. 19761, while 

levels of 1,2-dichloroethane found in 11 of 17 species have 

been reported to be 2-23 pg/g (Page and Kennedy; 1975). 

Fish and shellfish have shown levels of chloroethanes in 

the nanogram range (Dickson and Riley, 1976). 

The U . S .  EPA (1979) has derived the following weighted 

average bioconcentration factors for the Edible .portions 

of fish and shellfish consumed by Americans: 1,2-dichloro- 

ethane, 4.6; l,l,l-trichloroethane, 21; 1,1,2,2-tetrachloro- -. 

ethane, 18; pentachloroethane, 150; hexachloroethane, 320. 

These estimates were based on the measured steady-state 

bioconcentration studies in bluegill. Bioconcentration 
factors for1,1,2-trichloroethane (6.3) and1,1,1,2-tetrachloro- 

ethane (18) were derived by EPA (1979) using octanol-water 

partition coefficients. 

111. PWIACOKINETICS 

A. Absorption 

The chloroethanes are absorbed rapidly following 

ingestion or inhalation (U.S. EPA, 1979). Dermal absorption 

is thought to be slower in rabbits based on studies by Snyth, 

et al. (1969). However, rapid dermal absorption has been 

seen in guinea pigs with the same trichloroethane (Jakobson, 

et al. 1977). 

Human studies on the absorption of inhaled 1,1,2,2- 

tetrachloroethane indicate that the compound is completely 

absorbed after exposure to trace levels of radiolabeled 

vapor (Morgan, et a l . ,  1970, 1972). At higher exposure 

levels 'absorption is rapid in man and aniinals, but obviously 

not complete. 
.. 1 - _ _  
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B. Distribution 

Studies on the distribution of l,l,l-trichloroethane 

in mice following inhalation exposure have shown levels 

in the liver to be twice that found in the kidney and brain 

(Holmberg, et al. 1977). Postmortem examination of human 

tissues showed l,l,l-trichloroethane in body fat (highest 

concentration) kidneys, liver, and brain (Walter, ,et al. 

1976). Due to the lipid solubility of chloroethanes, body 

distribution may be expected to be widespread. Stahl, et 

al. (1969) have noted that human tissue samples of liver, 

brain, kidney, muscle, lung, and blood contained l,l,l-tri- 

\ 

chloroethane following acute exposure, with the liver contain- 

ing the highest concentration. 

Passage of 1,1,1,2-tetrachloroethane across the 

placenta has been reported by Truhaut, et al. (1974) in 

rabbits and rats. 

C. Metabolism 

The metabolism of chloroethanes involves both 

enzymatic' dechlorination and hydroxylation to corresponding 

alcohols (Monster, 1979; Truhaut, 1972). Oxidation reacGions 

may produce unszturated metabolites which are then transformed 

to the alcohol and ester (Yllner, 1971 a,b,c,d). 

Metabolism appears to involve the activity of 

the mixed function oxidase enzyme system (Van Dyke and Wineman, 

1971). Animal experiments by Yllner (1971 a,b,c,d,e) indicated 

that the percentage of administered :compound inetabolized 

decreased with increasing dose, suggesting saturation of 

metabolic pathways. 

1 
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D. Excretion 

The chloroethanes. are excreted 

urine and in expired air (U.S. EPA, 1979 

primarily in the 

. As much as 60 

to 80 percent of an inhaled dose of L,l,l-trichloroethane 

(70 or 140 ppm for 4 hours) was expired unchanged by human 

volunteers (Monster, et al. 1979) . Animal studies conducted 

by Yllner (1971 a,b,c,d) indicate that largest amount of . 

chloroethanes, administered by intraperitoneal (i.p.) injec- 

tion is excreted in the urine; this is followed by expira- -l 

tion (in the changed or unchanged form), with very little 

excretion in the feces. Excretion appears to be rapid, 

since 90 percent of i.p. administered doses of 1,2-dichloro- 

ethane or 1,1,2-trichloroethane were eliminated in the first 

24 hours ( U . S .  EPA, 1979). However, the detection of chloro- 

ethanes in postinortern tissue samples indicates that some 

portion of these compounds persists in the body (Walter, 

et al. 1976). 

IV. EFFECTS 

A. Carcinogenicity 

Several chlorinated ethanes have been show; to 

produce a variety of tumors in rats and mice in experiments 

utilizing oral administration. Tumor types observed after 

compound administration include squamous cell carcinoma 

of the stomach, hemangiosarcoma, adenocarcinoma of the mam- 

mary gland, and hepatocellular carcinoma (NCI, 1978a,b,c,d). 

The four chlorinated ethanes which have been classifild 

as carcinogens based on animal studies are: 1,2-dichloro- 

ethane, 1,1,2-trichloroethane, 1,1,2,2-tetrachloroethane, 

8 -  
% 
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and hexachloroethane. Increased tumor production was also 

noted in animals treated with l,l.,l-trichloroethane, but 

high mortality during this study (NCI, 1977) caused retest- 

ing of the compound to be initiated. -- In vitro transforma- 

tion of rat embryo cells and subsequent fibrosarcoma produc- 

tion by these cells when injected - -  in vivo, indicate that 

l,l,l-trichloroethane does have carcinogenic potential (Price, 

et al. 1978). 

B. Mutagenicity 
\ 

Two of the chlorinated ethanes, 1,2-dichloroethane 

and 1,1,2,2-tetrachloroethaner have shown mutagenic activity 

in the Ames Salmonella assay and--for DNA polymerase deficient 

strain of E. coli (Brem, et al. 1974). In these two systems, 

1,1,2,2-tetrachloroethane showed higher mutagenic activity 

than 1,2-dichloroethane (Rosenkranz, 1977). 

Xutagenic effects have been produced by 1,2-dichloro- 

ethane in pea plants (Kirichek, 1974) and in Drosophila 

(Nylander, et al. 1978). Several metabolites of dichloro- 

ethane (chloroacetaldehyde, chloroethanol, and S-chloroethyl 

cysteine have also been shown to produce mutations in the 

Ames assay ( U . S .  EPA, 1979). 

Testing of hexachloroethane in the Ames Salmonella 

assay or in a yeast assay system failed to show any mutagenic 

activity (Weeks, et al. 1979). 

C. Teratogenicity 

Inhalation exposure of pregnant rats and mice 

to l,l,l-trichloroethane was shown to produce some soft 
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tissue and skeletal deformities; this incidence was not 

judged statistically significant by the Fisher Exact proba- 

bility test (Schwetz, et al. 1975). 

Testing of hexachloroethane administered to rats 

by intubation or inhalation exposure did not show an increase 

in teratogenic effects (Weeks, et al. 1979). Inhalation 

exposure of pregnant rats to lr2-dichloroethane also failed 

to demonstrate teratogenic effects (Schwetz, et al. 1974; 

Vozovaya, 1974). -7 

D. Other Reproductive Effects 

Decreased litter size, reduced fetal weights and 

a reduction in live births have been reported in rats exposed 
to l12-dichloroethane (57 mg/m 3 m four hours/day, six days/week) 

by inhalation (Vozovaya, 1974). 1,l-Dichloroethane retarded 

fetal development at exposures of 6,000 ppm. (Schwetz, et 

al. 1974). Higher fetal resorption rates and a decreased 

number of live fetuses per litter were observed in rats 

following administration of hexachloroethane by intubation 

(15, 48 or 260 ppm, 6 hours/day) or inhalation (50, 100 

or 500 mg/kg/day) (Weeks, et al. 1979)., e 

E. Chronic Toxicity 

Neurologic changes and liver and kidney damage 

have been noted following long term human exposure to 1,2- 

dichloroethane (NIOSH, 1978). Cardiaceffects (overstimulation) 

have been noted following human exposure to 1,l-dichloroethane 

(U.S. EPA, 1979). . 
Central nervous system disorders have been reported 

in humans exposed to l,l,l-trichloroethane. Symptoms noted 



were altered reaction time, perceptual speed, manualdexterity, 

and equilibrium ( U . S .  EPA, 1979). 

Animal studies indicate that' the general- symptoms 

of toxicity resulting from exposure to the chloroethanes 

involve effects in the central nervous system, cardiovascular 

system, pulmonary system, and the liver and kidney ( U . S .  

EPA, 1979). Laboratory animals and hunans exposed to. chloro- 

ethanes show similar symptoms of toxicity (U.S. EPA, 1979). 

Based on data derived from animal studies, the 

u.S. EPA (1979) has concluded that the relative toxicity 

of the chloroethanes is as follows: 1,2-dichloroethane> 

\ 

ethane 1,l-dichloroethane)1,1,l-trichloroethane~monochloro- 

e thane. 

F. Other Relevant Information 

The hepatotoxicity of 1,1',2-trichloroethane was 

increased in mice following acetone or isopropyl alcohol 

pretreatment '(Traiger and Plaa, 1974). Similarly, ethanol 

pretreatment of mice increased the hepatic effects of l,l,l- 

trichloroethane (Klassen and Plaa, 1966) . 
8 

Hexobarbital sleeping times in rats were reported 

to be decreased following inhalation exposure to l,l,l-tri- 

chloroethane (3,000 ppm), indicating an effect of the compound 

on stimulation of hepatic microsomal enzymes (Fuller, et 

al. 1970). 

V. AQUATIC TOXICITY 

A. Acute Toxicity 
e 

Acute toxicity studies were conducted on three 

species of freshwater organisms and t w o  marine species. 

. :. 0 *., f . c 
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For freshwater fish, 96-hour static LCso values for the 

bluegill sunfish, Lepomis macrochirus, ranged from 980 pg/l 

hexachloroethane to 431,000 pg/l 1,2-dichloroethane, while 

the range of 48-hour LCs0 values for the freshwater inverte- 

brate Daphnia magna was 8,070 pg/l  to 218,000 p g / l  for hexa- 

chloroethane and 1,2-dichloroethane respectively. Among 

marine organisms, the sheepshead minnow (Cyprinodon 'vagie- 

yatus) produced LCSo values ranging from 2,400 pg/l  for 

hexachloroethane to 116,000 pg/l for pentachloroethane. 
-. 

The marine mysid shrimp (Mysidopsis bahia) produced LCso - 
values ranging from 940 pg/l for hexachloroethane to 113,000 

pg/l for 1,2-dichloroethane. The general order of acute 

toxicities for the chlorinated ethanes reviewed for fresh- 

water fish is: hexachloroethane (highest toxicity), 1,1,2,2- 

tetrachloroethane, 1,1,2-trichloroethane, pentachloroethane, 

and 1,2-dichloroethane (U.S. EPA, 1979). 

B. Chronic Toxicity 

The only chronic study available for the chlori- 

nated ethanes is for pentachloroethane's chronic effects 

on the marine shrimp (Mysidopsis bahia), which praduced 

a chronic value of 580 pg/l (U.S EPA, 1978). 
- 

C. Plant Effects 

Effective ECSO concentrations, based on chlorophyll 

a and cell numbers for the freshwater algae Selenastrum 

capriconutum ranges from 87,000 pg/l, for hexachloroethane 

to 146,000 pg/l for 1,1,2,2-tetrachloroethane, with pent,a- 

chloroethane being intermediate in its phytotoxicity. For 

the marine algae - Skele tonema - cos tatum, a greater sensi- 

- 
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tivity was indicated by effective ECS0- concentrations based 

on cell numbers and chlorophyll - a ranging from 6,230 pg/l 

for 1,1,2,2-tetrachloroethane and 7,750 pg/l for hexachloro- 

ethane to 58,200 pg/l for pentachloroethane. 

D. Residues 

. The bioconcentration value was greatest for hexa- 

chloroethane with a value of 139 pg/l being reported for 

bluegill. Bioconcentration values of 2, 8, and 9 were obtained 

for 1,2-dichloro, l,lr2,2-tetrachloro, and l,l,l-trichloro- 

ethane for bluegills. 1,L12-Trichloroethane and 1,1,1,2- 

tetrachloroethane used the octanol/water coefficients to 

derive BCF’s of 22 and 62, respectively. 

VI. EXISTING GUIDELINES AND STANDARDS 

4 

\ 

Neither the human health nor aquatic criteria derived 

by U.S. EPA (1979), which are summarized below, have gone 

through the process of public review; therefore, there is 

a possibility that these criteria may be changed. 

A. Human 

Based on the NCI carcinogenesis bioassay data, 

and usir,g a linear, non-threshold model, the U.S. EP.4 (1979) 

has estimated levels of four chloroethanes in ambient water 

that will result i,n an additional cancer risk of 10-j: 1,2- 

dichloroethane, 7.0 pg/l; 1,1,2-trichloroethane, 2.7 pg/l: 

1,1,2,2-tettachloroethane, 1.8 pg/l; hexachloroethane, 5 . 3  

pg/l. A draft ambient water quality-criterion to protect 

human health has been derived by EPA for l,l,l-trichlor@- 

ethane based on mamalian toxicity data at the level of 

15.7 mg/l. 

000458 
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Insufficient mammalian toxicological data prevented 

derivation of a water criterion for monochloroethane, 1,l- 

dichloroethane, 1,1,1,2-tetrachloroethane, or pentachloro- 

ethane ( U . S .  EPA, 1979). 

The following compounds have had eight hour, TWA 

exposure standards established by OSHA: monochloroethane, 

1,000 ppm; 1,l-dichloroethane, 100 ppm; 1,2-dichloroethane, 

50  ppm; l,l,l-trichloroethane, 350 ppm; 1,1,2-trichloroethane, 

10 hpm; 1,1,2,2-tetrachloroethane, 5 ppm; hexachloroethane, 41 

1 PPm- 

B. Aquatic 

Criteria for protecting freshwater organisms have 

been drafted for five of the chlorinated hydrocarbons: 62 

Pg/ l  (average concentation) not to exceed 140 p g / l  for hexa- 

chloroethane; 170 pg/l not to exceed 380 Pg/l for 1,1,2,2- 

tetrachloroethane; 440 pg/l not to exceed 1,000 pg/l  for 

pentachloroethane; 3,900 pg/ l  not to exceed 8,800 pg/l for 

1,2-dichloroethane; and 5,300 pg/ l  not to exceed 12,000 

pg/ l  for l,l,l-trichloroethane. For marine organisms, cri- 

teria have been drafted as: 7 pg/l (average concentrakion) 

not to exceed 16 p/l for hexachloroethane; 38 pg/l not 

to exceed 87 pg/ l  for pentachloroethane; 70 pg/1 not to 

exceed 160 pg/l for 1,1,2,2-tetrachloroethane; 240 pg/l 

not to exceed 5 4 0  pg/1 for l,l,i-trichloroethane; and 880 

pg/l not to exceed 2,000 pg/l for 1,2-dichloroethane. 

', .. . . , _  
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CHLORINATED NAPTHALENES 

Sunnnary 

Chlorinated naphthalenes have been used i n  a v a r i e t y  of i n a u s t r i e s ,  

u sua l ly  as  mixtures. Chronic t o x i c i t y  v a r i e s  wi th  t h e  degree of c h l o r i -  

nat ion,  w i t h  the  more h igh ly  c h l o r i n a t e d  s p e c i e s  being more tox ic .  The 

c l i n i c a l  s i g n s  of t o x i c i t y  i n  humans are damage t o  l i v e r ,  heart, pancreas,  

g a l l  bladder, lungs,  adrenal  glands,  and kidney. No animal o r  hman  s t u d i e s  

have been presented on the  ca rc inogen ic i ty ,  mutagenicity,  o r  t e r a t o g e n i c i t y  

of polychlor inated naphthalenes. 

Very l i t t l e  data on a q u a t i c  t o x i c i t y  are available f o r  i n d i v i d u a l  

c h l o r i n a t e d  naphthalenes. 48-Hour and 96-hour LCX values  of octachloro- 

naphthalene over 500,000 pg/1 have been reported f o r  Oaohnia maqpa and t h e  

b l u e g i l l ,  r e spec t ive ly .  A freshwater a l g a  a l s o  r e s u l t e d  i n  a 96-hour LC50 

value for  octachlomnaphthalene o f  over 500,000 pg / l .  

Toxici ty  s t u d i e s  wi th  a q u a t i c  organisms are confined t o  tes ts  with 1- 

chlomnaphthalene on one freshwater f i s h  and two a l g a l  s p e c i e s  (one fresh 

and one saltwater). A l l  tests have reported 96-hour LCx values  of be- 

tween 320 and 2,>70 p g / l .  Exposure of  sheepshead minnow t o  l-chloronaphtha- 

l ene  i n  an embryo-larval s tudy  r e s u l t e d  i n  a ch ron ic  value of  328 Dg/1. 
e 

* 
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CHLORINATED NAPTHALDuES 

I. INmaoumm 
This p ro f i l e  is based on t h e  draft  Ambient Water Quality Criteria Oocu- 

aent for  Chlorinated Naphthalenes (U.S. €PA, 1979). 

Chlorinated naphthalenes cons is t  of two fused s i x  carbon-membered am- 

matic rings where any o r  all of t're eight hydrogen atoms can be replaced 

with chlorine.  The physical p roper t ies  of the  chlorinated naphthalenes are 

generally dependent on the degree of chlorination. Melting points  range 

from 1 F C  for  l-chlomnaphthalene t o  198'C. for  1,2,3,4-tetrachloro- 

naphthalene. As the degree of chlor inat ion increases,  the specific g r a v i t y ,  

boi l ing point ,  fire and f l a s h  points  a l l  increase, while the vapor pressure 

and water so lub i l i t y  decrease. Chlorinated naphthalenes have been used a s  

the paper impregnant in automobile capaci tors  (mixtures of tri- and tetra- 

chlomnaphthalenes), and as o i l  addi t ives  for  engine cleaning, and i n  fabric 

dyeing (mixtures of mono- and dichloronaphthalenes) . In 1956, the t o t a l  

U.S. production of chlorinated naphthalenes was approximately 3,175 metric 

tons (krdie ,  1964). 

SI. awsuE 
A. Water 

0 

To date ,  polychlorinated naphthalenes have not been i d h i f i e d  i n  

drinking waters ( U S .  P A ,  1979). However, these compounds have been found 

i n  waters or sediments adjacent t o  point  sources o r  areas of heavy poly- 

chlor inated biphenyl contamination. 

8. Food 

Polychlorinated naphthalenes appear t o  be biomagnified in the  aqua- 

t ic  ecosystem, with the degree of biomagnification being grea te r  for  the 

more highly chlorinated polychlorinated compounds ( Walsh, e t  a l .  1977). 



Erickson, e t  al .  (1978) a l s o  noted a higher  r e l a t i v e  biomagnification o f  t h e  

lowest ch lo r ina t ed  naphthalenes by the  f r u i t  o f  apple  trees grown on contam- 

i n a t e d  s o i l .  The U.S. EPA (1979) has estimated t n e  weighted average biocon- 

c e n t r a t i o n  f a c t o r  f o r  Halowax 1014 (a  mixture of ch lo r ina t ed  naphthalenes) 

t o  be 4,800 f o r  t h e  edible  p o r t i o n s  of f i s h  and s h e l l f i s h  consumed by 

Americans. This estimate is based on measured non-steady-state bioconcen- 

t r a t i o n  s t u d i e s  i n  bmwn shrimp. 

C. I nha la t ion  
-7 

Erickson, e t  al .  (1978) found ambient air concen t r a t ions  o f  poly- 

c h l o r i n a t e d  naphthalenes ranging from 0.025 t o  2.90 pg/m3 near  a poly- 

ch lo r ina t ed  naphthalene plant .  Concentrations o f  t r i ch lo ronaph tha lene  were 
as high as 0.95 Dg/m 3 , while hexachloronaphthalene concen t r a t ions  never 

3 exceeded 0.007 pg/m . 
111. PHARMACOKINETICS 

A. Absorption 

P e r t i n e n t  data could no t  be loca ted  i n  t h e  a v a i l a b l e  l i t e r a t u r e .  

B. D i s t r i b u t i o n  

In  the  rat  fed 1,2-dichloronaphthalene, t h e  chemical and its metab- 

o l i t e s  were found p r imar i ly  i n  t h e  i n t e s t i n e ,  kidney, and adipose t i s s u e  

(Chu, e t  a l .  1977).  

C. Metabolism 

There appears t o  be apprec i ab le  metabolism i n  mammals of poly- 

ch lo r ina t ed  naphthalenes con ta in ing  fou r  c h l o r i n e  atoms o r  less (U.S. €PA, 

1979). Cornish and Block (1958) i n v e s t i g a t e d  t h e  exc re t ion  o f  polychlor i -  

nated naphthalenes i n  rabbi t s  and found 79 percent  of 1-chloronaphthalene, 

93 percent  of dichloronaphthalene,  and 45 percent  o f  te t rachloronapLthalene 

a 
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were excreted *,i the  u r i n e  as metaool tes .of the parent  compounds. Metab- 

c l l i s n  may involve hydroxylation alone o r  hydroxylation i n  combination with 

dechlor inat ion.  In  Sane cases, an arene oxide in t e rmed ia t e  may be  fonned 

(Ruzo, et al .  1976). 

D. Excretion 

I n  rats fed I, 2-dichloronaphthalene,  i n i t i a l l y  more of the chemical 

and its metabol i tes  were found i n  the u r ine ;  however, by the end o f  seven 

days a g r e a t e r  proport ion had been excreted i n  t h e  feces (Chu, e t  al. 1977). 

In  the f i r s t  24 hours, 62 percent  of the dose was excreted i n  the b i l e ,  as 

compared t o  18.9 percent  l o s t  i n  t h e  feces. This sugges t s  that there is  an 

appreciable reabsorption and en te rnhepa t i c  r e c i r c u l a t i o n  of th is  p a r t i c u l a r  

ch lo r ina t ed  naphthalene. 

I V .  EFFECTS 

No animal o r  human studies have been reported on the  ca rc inogen ic i ty ,  

mutagenicity,  or t e r a t o g e n i c i t y  of ch lo r ina t ed  naphthalenes. No o t h e r  re- 

productive effects were found i n  the  a v a i l a b l e  l i t a r a t u r e .  

A. Chronic Toxicity 

Chronic dermal exposure t o  penta- and hexachlorinated naphthalenes 

causes  a form of chloracne which, if p e r s i s t e n t ,  can progress  t o  fpnn a cyst 

or ster i le  abcess (Jones, 1,641; Shel ley and Kligman, 1957; Kle in fe ld ,  e t  a l .  

1972). Workers exposed t o  these two isomers complained o f  eye i r r i t a t i o n ,  

headaches, fatigue, ve r t igo ,  nausea, loss of a p p e t i t e ,  and weight lcss 

(Kleinfeld,  e t  al. 1972). More severe exposure t o  the fumes of polychlori-  

nated naphthalenes has produced severe liver damage, t oge the r  wi th  damage t o  

the  heart, pancreas, g a l l  bladder,  lungs, adrenal  glands,  and kidney tubules  

(Greenburg, e t  a l .  1939). Chronic t o x i c i t y  i n  animals aopears t o  be qual i -  

ta t ively the same (U.S. EDAT 1979). Polychlor inatec naphthalenes z m t a i n i n g  

d -w- 
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three or  fewer c h l o r i n e  atoms were found t o  be nontoxic ,  while t e t r ach lo ro -  

naphthalene r e s u l t e d  i n  mi ld  l i v e r  disease a t  l e v e l s  as high- as  0.7 mg/kg/- 

day; t h e  higher  ch lo r ina t ed  naphthalenes produce more severe disease a t  

lower doses (Bell, 1953). Because o f  their  i n s o l u b i l i t y ,  hepta- an3 octa- 

chloronaphthalene were less t o x i c  when given i n  suspension than when given 

i n  so lu t ion .  

8. Other Relevant Information 

Drinker,  e t  al .  (1937) showed enhancement of hepa tox ic i ty  of  a mix- 

t u r e  of ethanol/carbon t e t r a c h l o r i d e  i n  rats p r e t r e a t e d  with 1.16 mg/m3 o f  

a penta-/hexachloronaphthalene mixture i n  a i r  f o r  s i x  weeks. 

s tudy  t r ichloronaphthalene was inac t ive .  

V. AQUATIC TOXICITY 

I n  a similar 

A. Acute Toxici ty  

The 96-hour LCZ value reported f o r  the b l u e g i l l ,  Lepomis 

macrochirus, exposed t o  l-chloronaphthalene is 2,270 p g / l  (U.S. P A ,  1978). 

With saltwater spec ie s ,  exposure of t h e  sheepshead minnow, Cyorinodon 

var iqatus ,  and mysid shrimp, Mvsidoosis bahia ,  t o  l-chloronaphthalene pro- 

vided 96-hour LC50 values of 1,290 and 370 b g / l ,  r e spec t ive ly .  Daohnia 

- mama and t h e  b l u e g i l l ,  Leoomis macrochirus, have a s l i g h t  s e n q t i v i t y  t o  

octachloronaphthalene,  w i th  respective 48-hour and 96-hour LC50 values 

g r e a t e r  than 530,000 p g / l  (U.S. EPA, 1978). 

B. Chronic Toxici ty  

I n  t h e  only chronic  study reported (embryo-larval) ,  exposure o f  

l-chloronaphthalene t o  the  sheepshead minnow r e s u l t e d  i n  a chronic  value of  

329 pg/l (U.S. €PA, 1978). 

$ 
--- 
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C. Plant  Effects 

A freshwater a lga ,  Selenastrum caoricornutum, and a saltwater alga,  

Skeletonema costatun,  when exposed t o  l-chloronaphthalene,  both produced 96- 

hour ECx values ranging from 1,000 t o  1,300 ug/1 based on cell numbers. 

Octachlomnaphthalene exposure t o  S e l e n a s t r m  caoricornutum re- 

s u l t e d  i n  a 9 - 0 ~  EC3 value of over 500,000 ug/l based on cell numbers 

(U.S. EPA,  1978). 

0. Residues 

P e r t i n e n t  data could not  be located i n  t@ a v a i l a b l e  l i t e r a t u r e .  

VI. EXISTING GumaZNEs AND STANDARDS 

A. Human 

The only s tandards f o r  polychlorinated naphthalenes are the A C G I H  

Threshold L i m i t  Values (TLV) adopted by the Occupaticnal Safety and Eealth 

Administration and a r e  as follow: 

ACCIH (1977) 
Threshold L i m i t  Values 

Trichlomnaphthalene 5 mg/m3 
Tetrachloronaphthalene 2 mg/m3 
Pontachloronaphthalene 0.5 mg/m3 
Hexachloronaphthalene 0.2 mg/m3 
Octachlomnaphthalene 0.1 m g / m 3  

a 

There a r e  no state or  federa l  water q u a l i t y  o r  ambient a i r  q u a l i t y  st- d d a r d s  

for  chlor inated naphthalenes. 

The U.S. E P A  is present ly  evaluat ing the a v a i l a b l e  da ta  and has 

recommended that  a s i n g l e  acceptable d a i l y  in take  ( A D 1 1  of 70 pg/man/day be 

used f o r  the tri- , tetra-, penta- , hexa- , and . octa-chlorinated naphthalenes. 

This AD1 w i l l  be used t o  derive the human hea l th  cri teria f o r  the  k h l o r i -  

nated naphthalenes. 

. .  .. 
,. i .  
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B. Aquatic 

For 1-chloronaphthalene , the draf t  cri terion t o  protect freshwater 

aquatic l i f e  is 29 pg/1 as a 

time. For saltwater aquatic 

24-hOur average, not t o  exceed 

24-hour average, not t o  exceed 67 pg/l  a t  any 

species, the draf t  criteron is 2.8 lg /1  as a 

6.4 pg/l  a t  any time (U.S. P A ,  1979). . 

. 
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DISCLAIMER 

T h i s  report  r e p r e s e n t s  a s u r v e y  o f  t h e  p o t e n t i a l  h e a l t h  and 
e n v i r o n m e n t a l  h a z a r d s  from e x p o s u r e  t o  t h e  s u b j e c t  c h e h i c a l .  
i n f o r m a t i o n  c o n t a i n e d  i n  t h e  report is drawn c h i e f l y  f rom s e c o n d a r y  
s o u r c e s  and ava i lab le  r e f e r e n c e  documents.  Because of t h e  limits- 
t i o n s  of such  sources, t h i s  s h o r t  p r o f i l e  may n o t  r e f l e c t  a l l  
a v a i l a b l e  i n f o r m a t i o n  i n c l u d i n g  a l l  t h e  a d v e r s e  h e a l t h  and e n v i r o n -  
m e n t a l  impac t s  p r e s e n t e d  by t h e  s u b j e c t  chemica l .  T h i s  document - 

The 

' 

. h a s  undergone s c r u t i n y  to e n s u r e  jts t e c h n i c a l  a c c u r a c y .  



SPECIAL NOTATION 

This document discusses the health and environmental effects 

of some of the di, tri, and tetra-substituted chlorinated phenols. 

The health effects of p-chloro-m-cresol, 2-chlorophenol, 2,4- and 

2,6-dichlorophenolr 2,4,6-trichlorophenol, and pentachlorophenol are 

discussed in HEBD's nos. 4 3 ,  50, 75, 7 6 ,  143, and 168, respectively. 

The National Cancer Institute (1979) recently published the results 

of a bioassay indicating that 2,4,6-trichlorophenol induces cancer 

in rats and mice. 
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CHLORINATED PHENOLS 

SUMMARY 

Mammalian data supporting chronic effects for most of these 

compounds is limited. Except for trichlorophenol, there are not 

sufficient data to indicate whether any of the other chlorinated 

phenols are carcinogens. In skin painting studies, 3-chlorophenol 

and 2,4,5-trichlorophenol promoted papillomas. Tetrachlorophenol 

was not teratogenic or embryolethal in animals, but showed question- 

able fetotoxic effects. Chronic exposure to 4-chlorophenol produced 

myoneural disorders in humans and animals. Adverse health effects 

have been noted in workers exposed to 2,4,5-trichloraphenol. 

Workers chronically exposed to tetrachlorophenol and pentachloro- 

phenol, perhaps contaminated with small amounts of chlorodibenzo- 

dioxins, developed severe skin irritations, respiratory difficulties, 

and headaches 

Chlorophenols are uncouplers of oxidative phosphorylation, 

and. affect carbohydrate metabolism. Several affect the nervous 

system, causing convulsions. 

The tainting of rainbow trout flesh has been demonstrated at 

exposures of 15 to 84 ug/l for several of the chlorinated phenols. 
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I. INTRODUCTION 

This'profile is based in part on the Ambient Water Quality . 

Criteria Document for Chlorinated Phenols (U.S. EPA, 1980). 

The chlorinated phenols represent a group of commercially 

produced substituted phenols and cresols also referred to as chloro- 

phenols or chlorocresols. The compounds p-chloro-m-cresol, ' . 

2,4- and 2,6-dichlorophenols, 2,4,6-trichlorophenol, and penta- 

chlorophenol are discussed in separate hazard profiles. 

Purified chlorinated phenols are colorless, crystalline 

solids (with the exception of 2-chlorophenol which is a liquid), 

while the technical grades may be light tan or slightly pink due 

to impurities. Chlorophenols have pungent odors. In general, 

the volatility of chlorinated phenols decreases and the melting 

and boiling points increase as the nunber of substituted chlorine 

atoms increases. Although the solubility of chlorinated phenols 

in aqueous solutions is relatively low, it increases markedly 

when the pH of the solution exceeds their specific pKa. The solu- 

bilities of chlorinated phenols and chlorocresols (with the 

exception of 2,4,6-trichloro-m-cresol) range from soluble to very 

soluble in relatively non-polar solvents such as benzene and 

petroleum ether (U.S. EPA, 1980). 

The chlorinated phenols that are most important comercially 

are 4-chlorophenol, 2,4,-dichlorophenol, 2,4,5-trichlorophenol, 

2,3,4-tetrachlorophenol, pentachlorophenol, and 4-chloro-o-cresol. 

Many of the chlorophenols have no commercial application but are 
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produced to some extent as byproducts of the commercially important 

compounds. 

may be formed during the chemical synthesis of some chlorophenols. 

During the chlorination of drinking waters and wastewater effluents, 

The highly toxic polychlorinated dibenzo-p-dioxins . 

chlorophenols may be inadvertently produced (U.S. EPA, 1980). 

Chlorinated phenols are used as intermediates in the synthesis 

of dyes, pigments, phenolic resins, pesticides, and herbicides. 

Certain chlorophenols are used directly as flea repellants, fungi- 

cides, wood preservatives, mold inhibitors? antiseptics I disinfect- 

ants, and antigumming agents for gasoline. 

Chlorinated phenols undergo photolysis in aqueous solutions 

as a result of ultraviolet irradiation; photodegration leads to 

the substitution of hydroxyl groups in place of the chlorine atoms 

with subsequent polymerization (U.S. EPA, 1980). Microbial degra- 

dation of chlorophenols has been reported by numerous investigators 

(U.S. EPA, 1980). 

3-CHLOROPHENOL and 4-CHLOROPHENOL 

11. EXPOSDRE . 
Monochlorophenols have been found in surface waters in the 

Netherlands at concentrations of 2 to 20 ug/l (Piet and DeGrunt, 

1975). Ingestion of chlorobenzene can give rise to internal 

exposure to 2 0 ,  3-, and 4-chlorophenols, as chlorobenzene is 

metabolized to monochlorophenols (Lindsay-Smith, et al. 1972). 

No data were found demonstrating the presence of monochlorophenol 

in food. , .  
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For 4-chlorophenol the U . S .  EPA has estimated the weighted 

average bioconcentration factor for the edible portions of all 

aquatic' organisms consumed by Americans to be 12. 

is base don the octanol/water partition coefficient. 

This estimate 

Data were not found in the available literature regarding 

inhalation exposure. 

111. PHARMACOKINETICS 

Systematic studies'of the pharmacokinetics of 3- or 4-chloro- 

phenol are not available. 

4-chlorophenol in the urine as sulfuric and glucuronic conjugates 

Dogs excreted 87 percent of administered 

(Karpow, 1893, as cited in U.S. EPA, 1980). 

IV. EFFECTS 

A. Carcinogenicity 

Information is not adequate to determine whether 3- or 

4-chlorophenol posses carcinogenic properties. A 20 percent solu- 

tion of 3-chlorophenol promoted papillomas when repeatedly applied 

to the backs of mice after initiation with dimethylbenzanthrene 

(Boutwell and Bosch, 1959). 

B. Mutagenicity, Teratogenicity and Other Reproductive Effects 

Pertinent data cannot be located in the available litera- 

ture regarding mutagenicity, teratogenicity and other reproductive 

effects. 

C. , Chronic Toxicity 

Rats exposed 6 hrs/day for four months to 2 mg 4-chloro- 

phenolim3 showed a temporary weight loss and increased myoneural 
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excitability. Body temperature and hematological parameters were 

not altered (Gurova, 1964). Workers exposed to 4-chlorophenol 

had a significantly higher incidence of neurological disorders 
. 

when compared with unexposed workers in the same plant. Peripheral 

nerve stimulation studies showed increased myoneural excitability 

in exposed workers. 

touch discrimination test was also increased (Gurova, 1964). 

The minimum detection distance in a two-point 

D. Other Relevant Information 

3- and 4-Chlorophenol are weak uncouplers of oxidative 

phosphorylation ( U . S .  EPA, 1980). 

2,5-DICHLOROPHENOL, 3,4-DICHLOROPHENOL, 

and 3,s-DICHLOROPHENOL 

11. EXPOSURE 

Unspecified dichlorophenol (DCP) isomers have been detected 

in concentrations of 0.01 to 1.5 ug/l in Dutch surface waters 

(Piet and DeGrunt, 1975). Dichlorophenols have been found in flue 

gas condensates from municipal incinerators (Olie, et al., 1977). 

No data on exposure from foods or the dermal route were found. 

Exposure to other chemicals can result in exposure to dichlorophenols 

(i.e., dichlorobenzenes,. lindane, and the alpha and delta isomers 

of 1,2,3,4,5,6-hexachlorocyclohexane are metabolized by mammals 

to dichlorophenols) (Kohle, et al., 1976; Foster and Saha, 1978). 

111. PHARMACOKINETICS 

Pharmacokinetic data specific to these dichlorophenol isomers 
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could not be located in the available literature. 

to assume that.the dichlorophenol isomers are absorbed through 

It is reasonable. 

. 

the skin and from the gut, and rapidly eliminated as are other 

chlorophenols (U.S. EPA, 1980). 

IV EFFECTS 

A. .Carcinogenicity 

Pertinent data cannot be located in the available 

literature; 2,4-DCP has been selected for bioassay. 

B. Mutagenicity 

None of the dichlorophenols were found to be mutagenic 

in the Ames test with or without microsomal _ _  

and Hattula, 1977). 

not been studied ( U . S .  EPA, 1980). 

activation (Rasanen 

Mutagenicity in mammalian test systems has 

C. Teratogenicity, Other Reproductive Effects and Chronic 

Tox ic i ty 

Pertinent data cannot be located in the available litera- 

ture regarding teratogenicity, other reproductive effects and 

chronic toxicity. 

D. Other Relevant Information 

Phenol, and the lower chlorinated phenols, including 

2,6-dichlorophenol are convulsants (Farquharson, et al, 1958); 

the latter readily penetrates the bovine lens capsule (Ismail 

et al., 1976), and inhibits oxidative phosphorylation in that 

tissue (Korte et al., 1976). 

is as yet unknown. 

The significance of these results 
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TRICHLOROPHENOLS* 

I. EXPOSURE 

Trichlorophenols have been detected in surface waters in 

Holland at concentrations ranging from 0,003 to 0.1 ug/l (Piet 

and DeGrunt, 1975). 2,4,5-Trichlorophenol can be formed from the 

chlorination of phenol in water (Burttschell et al., 1959). 

One possible source of trichlorophenol exposure for humans 

is through the food chain, as a result of the metabolism by 

grazing animals of ingested chlorophenoxy acid herbicides 2,4,5-T 

(2,4,5-trichlorophenoxyacetic acid) and Silvex (2-(2,4,5-trichloro- 

phenoxy)-propionic acid). Residues of these herbicides on sprayed 

forage are estimated to be 100-300 ppm. 

and sheep were fed these herbicides at 300, 1000, and 2000 ppm 

(Clark et al., 1976) showed the presence of 2,4,5-trichlorophenol 

Studies in which cattle 

in various 'tissues. In lactating cows fed 2,4,5-T at 100 ppm, an 

occasional residue of 0.06 ppm or less of trichlorophenol was 

detected in milk (Bjerke et al., 1972). 

Exposure to other chemicals such as trichlorobenzenes, lindane, 

the alpha and delta isomers of 1,2,3,4,5,6- hexachlorocyclohexane, 

isomers of benzene hexachloride, and the insecticide Ronnel can 

result in exposure to trichlorophenols via metabolic degradation 

of the parent compound (U.S. EPA, 1980). 

*The health and environmental effects of 2,4,6-trichlorophenol 

are more extensively discussed in HEBD No. 168. 
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The U.S. EPA .(1980) has estimated the weighted average 

bioconcentration factors for the edible portions of all aquatic 

organikms consumed by Americans to be 130 to 2,4,5-ttichlorophenol 

and 110 for 2f4f6-trichloropheno1. 

the octanol/water partition coefficients for these chemicals. 

These estimates are based on 

Trichlorophenols are found in flue gas condensates from 

municipal incinerators (Olie et al.? 1977)'. 

Nost commercial trichlorophenols and their derivatives contain 

appreciable amounts of the contaminant 2,3,7,8-tetrachlorodibenzo- 

p-dioxin (TCDD) and/or its homologues ( U . S .  EPAf 1980). The c 

presence of this highly toxic contaminant caused the U.S. EPA to - 

publish a Rebuttable Presumption Against Registration (RPAR) and 

Continued Registration of Pesticide Products Containing 2,4,5-T 

( 4 3  FR 17116). 

phenol is also the subject of a separate potential RPAR. 

The published RPAR indicated that 2,4,5-trichloro- 

11 I . PHARMACOKINETICS 
A. Absorption and Distribution 

The oral LD50 in the rat has been variously reported as 820 

Information dealing with tissue ahd 2960 mg/kg ( U . S .  EPA 1980). 

distribution after administration of trichlorophenols could not 

be located in the available literature. Feeding of 2,4,5-T and 

Silvex to sheep and cattle produced high levels of 2,4 ,S-trichloro- 

'phenol in liver and kidney and low levels in muscle and fat (Clark 

et al.? 1976). 
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B. Metabolism 

Pertinent data could not'be located in the available . 
literature. 

C. Excretion 

In rats, 82 percent of an administered dose (1 ppm in 

the diet for' 3 days) of 2,4,6-trichlorophenol was eliminated in 

the urine and 22 percent in the feces. Radiolabeled feces was 

not detected in liver, lung or fat obtained 5 days after the last 

dose (Korte, et al., 1976). The approximate blood half-life for 

2,4,5-trichlorophenol is 20 hours, after dosing of sheep with ' 

Erbon (an herbicide which is metabolized to 2,4,5-trichlorophenol) 

(Wright et al., 1970). 

2,4,5-Trichloropheno1 was detected in 1.7 percent of 

urine samples collected from the general population (Kutz et al., 

1978). 
. .  IV. EFFECTS . 

A. Carcinogenicity 

A 21 percent solution of 2,4,5-trichlorophenol in 

. acetone promoted papillomas but not carcinomas in mice after 
initiation with dimethylbenzanthrene (Boutwell and Bosch, 1959). 

2,3,5-, 2,3,6-, 2,4,5-, and 2,4,6-Trichlorophenol were not found 

to be mutagenic in the Ames test with and without microsomal 

activation (Rasanen and Hattula, 1977). 2,4,6-Trichlorophenol 

induces cancer in rats and mice (NCI, 1979). 

C. Teratogenicity and Other Reproductive Effects 

Pertinent data could not be located in the available 

literature regarding teratogenicity and other reproductive effects. 
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D. Chron ic  T o x i c i t y  

When r a t s  were f e d  2 , 4 , 5 - t r i c h l o r o p h e n o l  ( 9 9  p e r c e n t  

p u r e )  kor 98 days  (McCollister e t  a l . ,  1 9 6 1 ) ,  l e v e l s  o f  1 0 0 0  mg 

t r i c h l o r o p h e n o l / k g  f e e d  (assumed t o  be e q u i v a l e n t  t o  1 0 0  mg/kg body 

w e i g h t )  or less produced no a d v e r s e  e f f e c t s  a s  judged by b e h a v i o r ,  

m o r t a l i t y ,  food consumption,  growth ,  t e r m i n a l  hematology,  body and 

o r g a n  w e i g h t s ,  and g r o s s  o r  m i c r o s c o p i c  pa tho logy .  A t  1 0 , 0 0 0  mg/kg 

d i e t  (1000 mg/kg body w e i g h t ) ,  g r o w t h  was s lowed i n  females .  Histo- 

p a t h o l o g i c  changes  were n o t e d  i n  l i v e r  and k idney .  There were no 

h e m a t o l o g i c  changes .  A t  3000 mg/kg f e e d  (300  mg/kg body w e i g h t ) ,  

m i l d e r  h i s t o p a t h o l o g i c  changes  i n  l i v e r  and k idney  were obse rved .  

The h i s t o p a t h o l o g i c -  changes were c o n s i d e r e d  to  be r e v e r s i b l e ,  

Adverse h e a l t h  e f f e c t s  i n c l u d i n g  c h l o r a c n e ,  p o r p h y r i a  cu tanea-  

t a rda  w i t h  h y p e r p i g m e n t a t i o n ,  h i r s u t i s m  and u r i n a r y  e x c r e t i o n  of 

p o r p h y r i n s  were d e s c r i b e d  i n  workers invo lved  i n  t h e  manufac ture  of 

2,4,5-D and 2,4,5-T ( B l e i b e r g ,  e t  al., 1 9 6 4 ) .  I t  is p o s s i b l e  t h a t  

some of t h e s e  symptoms r e p r e s e n t  2,3,7,8-tetrachlorodibenzo-p-dioxin 

a 
t o x i c o s i s  (U.S. EPA, 1980) .  

E. O t h e r  R e l e v a n t  I n f o r m a t i o n  

S t u d i e s  on t h e  s u b c e l l u l a r  e f f e c t s  of t r i c h l o r o p h e n o l s  

shows them to  be  power fu l  u n c o u p l e r s  of o x i d a t i v e  p h o s p h o r y l a t i o n .  

2 , 4 , 5 - T r i c h l o r o p h e n o l  r e a d i l y  pene t ra tes  t h e  bovine  eye  l e n s  (Ismael, 

1 9 7 5 ) ,  and a f f e c t s  t h e  c a r b o h y d r a t e  m e t a b o l i z i n g  sys tem o f  t h a t  

t i s s u e  (Korte e t  a l e ,  1 9 7 6 ) .  
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TETRACHLOROPHENOL 

11. EXPOSURE 

Th'ere a r e  t h r e e  i s o m e r s  of t e t r a c h l o r o p h e n o l :  2,3,4,5-, 

2,3,5,6, a n d ,  most i m p o r t a n t l y ,  2,3,4,6-tetrachlorophenol. 

c i a l  p e n t a c h l o r o p h e n o l  c o n t a i n s  3 t o  1 0  p e r c e n t  t e t r a c h l o r o p h e n o l -  

( G o l d s t e i n  e t  a l . ,  -1977; Schwetz e t  a l . ,  1974). Commercial t e t ra -  

Commer- 

c h l o r o p h e n o l  c o n t a i n s  p e n t a c h l o r o p h e n o l  (27 p e r c e n t )  and t o x i c  non- 

p h e n o l i c  i m p u r i t i e s  s u c h  a s  c h l o r o d i b e n z o f u r a n s  and c h l o r o d i o x i n  

isomers (Schwetz e t  a l . ,  1974). 
* 

The p r e s e n c e  o f  t e t r a c h l o r o p h e n o l  

i n  d r i n k i n g  water h a s  n o t  been  documented (U.S. EPA, 1980). Exposure 

t o  o t h e r  chemicals s u c h  as  t e t r a c h l o r o b e n z e n e s  c a n  r e s u l t  i n  e x p o s u r e  

t o  t e t r a c h l o r o p h e n o l s  v i a  d e g r a d a t i o n  o f  t h e  p a r e n t  compound ( K o h l i  

e t  a l . ,  1976). 

Data c o u l d  n o t  b e  l o c a t e d  i n  t h e  a v a i l a b l e  l i t e r a t u r e  on 

i n g e s t i o n  from f o o d s .  The U.S. EPA (1980) h a s  es t imated a weighted 

a v e r a g e  b i o c o n c e n t r a t i o n  f a c t o r  f o r  2,3,4,6-tetrachlorophenol o f  

320 f o r  t h e  e d i b l e  p o r t i o n  o f  a q u a t i c  o rgan i sms  consumed by  Americans.  

T h i s  estimate i s  based on t h e  o c t a n o l / w a t e r  p a r t i t i o n  c o e f f i c i e n t  

, o f  2,3,4,5-tetrachlorophenol. 

T e t r a c h l o r o p h e n o l s  have  been  found i n  f l u e  gas c o n d e n s a t e s  

from m u n i c i p a l  i n c i n e r a t o r s  ( O l i e  e t  a l . ,  1977). 

I1 . PHARMACOKINETICS 

A. A b s o r p t i o n  and  D i s t r i b u t i o n  

P e r t i n e n t  data c o u l d  n o t  b e  l o c a t e d  i n  t h e  a v a i l a b l e  

l i t e r a t u r e  r e g a r d i n g  a b s o r p t i o n  and d i s t r i b u t i o n .  

. .  
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B. Metabolism and Excretion 

0 In rats, over 98 percent oL an intraperitoneally adminis, 

dose 0; 2,3,4,6-tetrachlorophenol was recovered in the urine in 24 

hours. 

35 percent as tetrachloro-p-hydroquinone. 

About 66 percent was excreted as the Unchanged compound and 

About 94 percent of the 

intraperitoneal dose of 2,3,4,6-tetrachlorophenol was recovered in 

the urine in 24 hours, primarily as the unchanged compound with, 

trace amounts of trichloro-p-hydroquinone. Fifty-one percent of 

the'intraperitoneal dose of 2,3,4,5-tetrachlorophenol was recovered 

in the urine in 24 hours, followed by an additional 7 percent in 

the second 24 hours, primarily as the unchanged compound with trace 

amounts of trichloro-p-hydroquinone. In these experiments, the 

urine was boiled to split any conjugates (Alhborg and Larsson, 1978). 

Fungi methylate pentachlorophenols to the corresponding anisoles, 

(U.S. EPA, 1980). The chronic health effects consequences of 

these compounds are not known, and the possibility of methylation 

in mammalian liver or intestine has not been documented. 

A. Carcinogenicity 

Pertinent data could not be located in the available 

literature. 

B. Mutagenicity 

2,3,4,6-Tetrachlorophenol was reported to be nonmutaqenic in 

the Ames test, both with and without microsomal activation (Rasanen 

et al., 1977). 
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C. *Teratogenicity 
0 0 7 2 9 0  

' Tetrachlorophenol did not induce teratogenic effects in . 
rats at doses of 10 or 30 mg/kg administered on days six through 15 

of gestation (Schwetz et al., 1974). 

D. Other Reproductive Effects 

Tetrachlorophenol produced fetotoxic effects (subcutaneous 

edema and delayed ossification of skull bones) in rats at doses of 

10 and 30 mg/kg administered on days six through 15 of gestation 

(Schwetz, et al., 1974). 

E. Chronic Toxicity 

Sawmill workers exposed to wood dust containing 100-800 

ppm 2,3,4,6-tetrachlorophenol, 30-40 ppm pentachlorophenol, 10-50 

ppm chlorophenoxyphenols, 1-10 ppm chlorodibenzof urans and less 

than 0.5 ppm chlorodibenzo-p-dioxins developed severe skin irrita- 

tions, respiratory difficulties and headaches (Levin et al., 1976). 

No toxicity studies of.90 days or longer were found in 

the available literature. 

F. Other Relevant Information 

. 2,3,4,6-Tetrachlorophenol is a strong uncoupler of . I  

oxidative phosphorylation, and affects mixed function oxidases 

(U.S. EPA, 1980). 

CHLORINATED PHENOLS 

I. AQUATIC TOXICITY 

A. Acute Toxicity ( U . S .  EPA, 1980) 

The acute toxicity of eight chlorophenols was determined 

39-16 

888489 



* i  

in n*ine bioassays. Acute 96-hour LC50 values for freshwater fish 

ranged from 30 ug/l for the fathead minnow, Pimephales promelas, 

for 4-chloro-3-methylphenol to 9,040 ug/l for the fathead minnow 

for 2,4,6-trichloropheno1. Among the freshwater invertebrates, 

toxicity for Daphnia magna was tested with seven chlorophenols 

in eight 48-hour static bioassays. 

290 ug/l for 2,3,4,6-tetrachlorophenol and '4-chloro-2-methylphenol 

to 6,040 ug/l for 2,4,6-trichlorophenol. Acute 96-hour static LC50 

values in the sheepshead minnow ranged from 1,660 ug/l for 2,4,5- 

Acute LD50 values ranged from 

trichlorophenol to 5,350 ug/l for 4-chlorophenol. The only marine 

invertebrate species acutely tested has been the mysid shrimp, 

Mysidopsis bahia, with acute 96-hour static tC50 values reported 

as: '3,830 ug/l for 2,4,5-trichloropheno1; 21,900 ug/l for 2,3,5,6- 

tetrachlorophenol, and 29,700 ug/l for 4-chlorophenol. 

B. Chronic Toxicity ( U . S .  EPA, 1980) 

No data other than that presented in the specific hazard 

profile for 2-chlorophenol, 2,4-dichlorophenolt and pentachlorophenol 

were available for freshwater organisms. An embryo-larval study 

prbvided a chronic value of 180 ug/l for sheepshead minnows, 

Cyprinodon varieqatus, exposed to 2,4-dichloro-6-methylphenol. 

C. Effects on Plants (U.S. EPA, 1980) 

Effective concentrations for 15 tests on four species of 
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freshwater plants ranged from chlorosis LC50 of 603 ug/l for 2,3,4,6- 

tetrachlorophenol to 598,584 ug/l for 2-chloro-6-methylphenol in . 
the duckweed, Lemna minor. The marine algae, Skeletonema costatum, 

has been used to assess the relative toxicities of three chlorinated 

phenols. Effective concentrations, based on chlorophyll - a content 
and cell growth, of 440 and 500 ug/l were obtained for 2,3,5,6-tetra- 

chlorophenol. 2,4,5-Trichlorophenol and 4-chlorophenol were roughly 

two and seven times as potent, respectively, as 2,3,5,6-tetrachloro- 

phenol. 

D. Residues 

Steady-state bioconcentration factors have not been 

calculated for the chlorinated phenols. However, based upon octanol/ 

water partition coefficients, the following bioconcentration factors - 

have been estimated for aquatic organisms with a lipid content of 

eight percent: 41 for 4-chlorophenol; 440 for 2,4,5-trichlorophenol; 

380 for 2,4,6-trichlorophenol; 1,100 for 2,3,4,6-tetrachlorophenol; 

and 470 for 4-chloro-3-methylphenol (3.S. EPA, 1980). 

E. Miscellaneous 
. The tainting of fish flesh by exposure of rainbow trout, 

Salmo gairdneri, to various chlorinated phenols has derived a range 

of estimated concentrations not impairing the flavor of cooked fish 

from 15 ug/l for 2-chlorophenol to 84 ug/l for 2,3-dichlorophenol 

(U.S. EPA, 1980). 

11. EXISTING GUIDELINES AND STANDARDS 

Water quality criteria recommended for chlorinated phenols by 

the U.S. EPA (1980) are given in the following table: 

38-18 .. 
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0 
Recommended Water @uality Criteria 

_ .  Human Health 

Criterion from Criterion from 
Organoleptic Toxicological 

Aquatic Life Data Effects 
. Compound ( W l )  (ug/l) (ug/l) 

Monochlorophenols 

3-chlorophenol 
4-chlorophenol 

0.1 
0.1 

Dichlorophenols 

2,3-dichlorophenol 0 . 4  
2,4-dichlorophenol 0.3 
2,s-dichlorophenol 0 .5  

3,4-dichlorophenol 0.3 
2,6-dichlorophenol 0.2 

Trichlorophenols 

2,4,5-trichlorophenol 1.0 
2,4,6-trichlorophenol 2.0 

Tetrachlorophenols 

2,3,4,6-tetrachlorophenol 1 
2,3,5,6-tetrachlorophenol 

none 29 ,700(b) 
none 

none 
3.09 
none 
none 
none 

1600 
12(c) 

970(=) 

none 440(b) 

(a) Chronic toxicity value, freshwater 

(h) Acute toxicity value, saltwater 

(c) Based on NCI carcinogenesis bioassay 
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DISCLAIMER 

T h i s  r e p o r t  r e p r e s e n t s  a s u r v e y  of t h e  p o t e n t i a l  h e a l t h  
and  e n v i r o n m e n t a l  h a z a r d s  from e x p o s u r e  t o  t h e  s u b j e c t  chemi-  
cal .  The i n f o r m a t i o n  c o n t a i n e d  i n  t h e  r e p o r t  is drawn c h i e f l y  
from s e c o n d a r y  s o u r c e s  and ava i lab le  r e f e r e n c e  documents.  
Because  of the  l i m i t a t i o n s  of s u c h  s o u r c e s ,  t h i s  s h o r t  p r o f i l e  
may n o t  ref lect  a l l  ava i lab le  i n f o r m a t i o n  i n c l u d i n g  a l l  t h e  
a d v e r s e  h e a l t h  and e n v i r o n m e n t a l  i m p a c t s  p r e s e n t e d  by t h e  
s u b j e c t  chemical. T h i s  document has unde rgone  s c r u t i n y  t o  
e n s u r e  i ts  t e c h n i c a l  a c c u r a c y .  

. 
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CHLOROACETALDEHYDE 

Summary 

No carcinogenic effects were observed in female ICR Ha Swiss mice f o l l o w -  

ing administration of chloroacetaldehyde via dermal application or subcutaneous 

injection. 

in the yeasts Schizosaccharomyces pombe and Saccharomyces cerivisiae and in 

certain Salmonella bacterial tester strains. 

available literature to indicate that chloroacetaldehyde produces teratogenic . - 
effects. 

Mutagenic effects, varying from weak to strong, have been reported 

There is no evidence in the 

Occupational exposure studies have shown chloroacetaldehyde to be a 

severe irritant. of the eyes, mucous membranes and skin. 

. Data concerning the effects of chloroacetaldehyde on aquatic organisms 

were not found in the available literature. 
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CH LOROACETALDEHY DE 

I. INTRODUCTION 

Chloroacetaldehyde (C2H3C10) is a clear, colorless liquid with a pungent 

odor. Its physical properties include: boiling point, 9O.O-1O0.loC (40 per- 

cent sol.); freezing point, -16.3OC (40 percent sol.); and vapor pressure, 100 

mm at 45OC (40 percent sol.). 

monochloroacetaldehyde, 2-chloroacetaldehyde and chloroaldehyde. It i s  soluable 

Synonyms for chloroacetaldehyde are: 

in water, acetone and methanol. Primary uses of chloroacetaldehyde include: - 
use as a fungicide, use in the manufacture o f  2-aminothiazole, and use in the 

removal of bark from tree trunks. 

11. EXPOSURE 

No monitoring data are available to indicate ambient air or water levels 

o f  chloroacetaldehyde, nor is any information available on possible exposure 

from food. 

Occupational routes of human exposure to chloroacetal dehyde are primarily 

through inhalation and skin absorption. 

Bioaccumulation data on chloroacetaldehyde were not found in the available 

However, 2-chloroacetaldehyde i s  known to be a chemically reactive literature. 

compound and its half-life i n  aqueous solution has been reported as slightly 

greater than 24 hours (Van Duuren et al., 1972). 

111. PHARMACaKINETICS 

A. Absorption 

Exposure to chloroacetaldehyde is primarily through inhalation and 

skin absorption. 

Chloroacetaldehyde proved to be very lethal by inhalation. 

study conducted by Lawrence et al. (1972), mice were placed in a chloroacetaldehyde- 

free chamber and air containing chloroacetaldehyde vapor was then passed 

In an iohalation 



through the chamber. 

LTS0, was 2.57 min. (the chamber atmosphere was calculated to have reached 45% 

equilibrium within that time.) 

The time of exposure required to kill 50%-of the animals, 

In comparison studies conducted on chloroacetaldehyde and 2-chloroethanol, 

chloroacetal dehyde was reported as exhibiting greater irritant activity , but 
having 1 esser penetrant capacity (Lawrence et a1 . , 1972). 

B. Distribution - Information on the distribution of chloroacetaldehyde was not found 

in the avai 1 ab1 e 1 i terature. 

t C. Metabolism 

Chloroacetaldehyde appears to be a metabolite o f  a number o f  compounds 

including 1,2-dichloroethane, chloroethanol and vinyl chloride (McCann et al., 

1975). 

Johnson (1967) conducted in vitro studies on rat livers, the results o f  

which indicated that S-carboxymethylglutathione was probably formed via 

chloroacetaldehyde metabolic action. Based upon these studies, Johnson suggested 

that the same metabolic mechanism was operative in the in vivo conversion of 

chloroethanol to S-carboxymethylglutathione. 

In recent studies, Watanabe et al. (1976a,b) reported that chioro- 

acetaldehyde would conjugate with glutathione and cysteine leading ultimately 

to the types of urinary metabolites found in animals exposed to vinyl chloride. 

The authors reported that as nonprotein free sulfhydral concentrations are 

depleted, the alkylating metabolites, one of which is chloroacetaldehyde, are 

likely to react with protein, DNA and RNA, eliciting proportionally greater 

toxicity. 

metabolism (Hefner et al., 1975; Bolt et al., 1977). 

This is in agreement with other studies conducted on vinyl chloride 
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Chl oroacetaldehyde was shown to cause the destruct! on of 1 ung hemoprotein , 
.. .. 

cytochrome P450, as we1 1 as liver microsomal' cytochrome P450, with no requirement 

for NADPH (Harper and Patel, 1978). The results suggested that the aldehydes 

tested, one of which was chloroacetaldehyde, were the toxic intermediates. 

which inactivated pulmonary enzymes following exposure to some envi ronmenta 

agents. 

D. Excretion 

Information specif 

elimination was not found in 

cal 

the 

y on the rates and routes o f  chloroacetaldehyde ' -* 

available literature. Studies on vinyl 
.. 

chloride and ethylene dichloride, however, indicate that chloroacetaldehyde, 

as an intermediate metabolite, may ultimately convert to a number o f  urinary 

metabolites--including chloroacetic acid, S-carboxymethylcysteine and thiodiacetic 

acid--depending on the particular metabolic pathway involved in the biotransforma- 

tion of the parent compound (Johnson, 1967; Yllner, 1971; Watanabe, 1976a,b). 

IV. EFFECTS 

A. Carcinogenicity 

In a study on the carcinogenic activity of alkylating agents, Van 

Duuren et al. (1974) exposed female ICR Ha Swiss mice to 2-chloroacetaldehyde 

(assayed as diethylacetal). 

subcutaneous injection. 

The routes o f  administration were via 'skin and 

The authors reported no significant tumor induction., 

Later studies confirmed these findings (Coldschmidt, personal communication, 

1977). However, in a report by McCann et al. (19?5), the authors stated that 

previous reports of changes o f  respiratory epithelium in lungs of rats exposed 

to chloroacetaldehyde were suggestive of premalignant conditions. 

6: Mutagenicity 

Many studies have been reported which show that chloroacetaldehyde 

exhibits varying degrees of mutagenic activity (Huberman et al., 1975; Border 
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and Webster, l.976; Elmore et al. , 1976; Rosenkranz, 1977). 
(1977) reported that 2-chloroacetaldehyde showed only feeble genetic activity 

when tested in the yeasts Schizosaccharomyces pombe and Saccharomyces cerevisiae. 

However, McCann et a1 . (1975) reported that chloroacetaldehyde was quite 

Loprieno et al. 

effective in reverting Salmonella bacterial tester strain TA LOO, but did not 

revert TA 1535. In a later study, Rosenkranz (1977) found that 

2-chloroacetaldehyde did display some mutagenic activity towards TA 1535. 

In a study conducted by Elmore et al. (1976) the authors reported that .* 
\ 

I. 

the chloroacetaldehyde monomer and monomer hydrate were more mutagenically 

active that the dimer hydrate and the trimer. 

Rannug et al. (1976) reported that the mutagenic effectiveness of - ._ .. 

4 chloroacetaldehyde is about 10 times higher than expected from kinetic data. 

C. Teratogenicity and Other Reproductive Effects 

Pertinent information could not be found in the available literature. 

0. Chronic Toxicity 

No chronic information could be found in the availab 

However, extensive toxicity studies conducted by Lawrence et a 

e 1 i terature. 

. (1972) revea ed 
some subacute effects of chloroacetaldehyde on Sprague-Dawley and Black Bethesda 

rats. 

(representing 0.3 and 0.6 of the acute LDS0 dose, respectively) daily for 30 

Groups o f  rats received .001879 and ,003758 ml/kg of chloroacetaldehyde 

consecutive days. Hematologic tests at the end of 30 days showed that there 

was a significant decrease in hemoglobin, hematocrit, and erthrocytes in the 

high dose group; the low dose group showed an increase in monocytes accompanied . 

by a decrease in lymphocytes. 

weight ratios were calculated. 

The animals were sacrificed and organ-to-body 

Ratios f o r  both brain and lungs were significantly 

greater in the low dose group, while the high dose group showed a significant 

increase in the brain , gonads, heart, kidneys , 1 i ver , 1 ungs and spl een. 
. .  

f 
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Histological examination did not reveal %any abnormalities attributable to 

chloroacetaldehyde except for the 1 ungs which showed more severe bronchi tis, 

bronchiolitis and bronchopneumonia than were seen in controls. 

In another subacute (subchronic) study, chloroacetaldehyde was administered 

to rats in doses of .00032, .00080, .00160 and .00320 ml/kg, three times a 

week for 12 weeks. 

between controls and the two lower dose groups, while animals administered 

.0016 ml/kg showed a decrease in red cell count and lymphocytes and an increase 

in segmented neutrophiles; the highest dose group showed a significant decrease 

in red blood cells and hemoglobin with an increase in clotting time and segmented 

neutrophiles. 

and, although there were some significant differences from controls, there 

were no apparent dose-related responses. 

Hematologic determinations showed no significant differences 

. -' 

Organ-to-body weight ratios were determined for several organs 

0. Acute Toxicity 

Lawrence et al. (1972) conducted a series of acute toxicity tests on 

ICR mice, Sprague-Oawley and Black Bethesda rats, New Zealand albino rabbits 

and Hartlez strain guinea pigs. 

LOSOs (ml/kg) for chloroacetaldehyde administered intraperitoneally ranged 

from .00598 in mice to .00464 in rabbits; the LOS0s (ml/kg) for chloroacetaldehyde 

administered intragastrically were reported as .06918 in male mice, .07507 in 

The results were reported as follows: the 

female rats and .08665 in male rats; the dermal LDS0 (ml/kg) in rabbits was 

reported as .2243; and the inhalation LTS0 in mice was reported as 2.57 min. 

E. Other Relevent Information 

Case studies show that contact with a strong solution of chloroacetaldehyde 

in the human eye will likely result in permanent impairment of vision and skin 

contact with a potent.solution will result in burns (Proctor and Hughes, 

1978). 

% 



V. AQUATIC TOXICITY 

Data concerning ' the effects of chl oroacetal dehyde on aquatic organi srns 

were not found in the available literature. 

VI. EXISTING GUIDELINES 

The a-hour, TWA occupational exposure limit established f o r  chloroacetaldehyde 

is 1 pprn. This TLV o f  1 pprn was set to prevent irritation (ACGIH, 1976). 

. .  ' I  c . .  
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DISCLAIMER 

T h i s  report r e p r e s e n t s  a s u r v e y  of t h e  p o t e n t i a l  hea l th  
and e n v i r o n m e n t a l  h a z a r d s  from e x p o s u r s  t o  t h e  s u b j e c t  chemi- 
cal .  The i n f o r m a t i o n  c o n t a i n e d  i n  t h e  report is drawn c h i e f l y  
from s e c o n d a r y  s o u r c e s  and a v a i l a b l e  kef e r e n c e  documents: 
Because of t h e  l i m i t a t i o n s  of such sources, t h i s  shor t  p r o f i l e  
may n o t  reflect  a l l  ava i lab le  i n f o r m c t i o n  i n c l u d i n g  a l l  t h e  
adverse h e a l t h  and e n v i r o n m e n t a l  impac t s  p r e s e n t e d  by the 
subject  chemical. T h i s  document has undergone  s c r u t i n y  to  
e n s u r e  its t e c h n i c a l  a c c u r a c y .  

. .  - -  .. . 



SPECIAL NOTATION 

U.S. EPA's Carcinogen Assessment Group (CAG) has evaluated 

chloroalkyl ethers and has found sufficient evidence to 

indicate that this compound is carcinogenic. 



CHLOROALXYL ETHERS 

SUMMARY 

Bis(chloromethy1)e ther  (BCME),  chloromethyl  methyl e t h e r  

(CMME) , and b i s  (2-chloroethyl  ) e t h e r  (BCEE) have shown carc in-  

ogenic  e f f e c t s  in animal s t u d i e s  fo l lowing  a d m i n i s t r a t i o n  by 

va r ious  routes .  Epidemiological s t u d i e s  in t h e  United S t a t e s  , 
Germany, and Japan have indicated t h a t  workers exposed t o  

B a E  and CMME developed an increased inc idence  of r e s p i r a t o r y  

t r ac t  tumors. 

Tes t ing  of  BCME, CMME, BCEE, and b is (2-chloro isopropy1)-  

e t h e r  ( B C I E )  in t h e  Ames Salmonella assay  and i n  E. c o l i  have 

ind ica t ed  t h a t  t h e s e  compounds have mutagenic a c t i v i t y .  

t ogene t i c  s t u d i e s  of lymphocytes from workers exposed t o  BCIW 

and CMME have repor ted  an increased frequency of a b e r r a t i o n s ,  

which appear  t o  be r e v e r s i b l e .  

Cy- 

There is no a v a i l a b l e  evidence t o  i n d i c a t e  c h l o r o a l k y l  

ethers produce adverse reproduct ive  o r  t e r a t o g e n i c  e f f e c t s .  

The informat  ion base f o r  f reshwater  organisms and chloro-  I 

a l k y l  ethers is l imi t ed  to a few t a x i c i t y  tests of 2-chloro- I 

e t h y l  v i n y l  e t h e r  and b i s  (2-chloroethyl  ) e t h e r .  The repor ted  I 

96-hour LCs0 va lue  f o r  b i s (  2 -ch loroe thy1)e ther  in the 

b l u e g i l l  is g r e a t e r  than 600,000 vg/l. A "no e f f e c t "  va lue  

of  19 ,000  ug/l  was observed using the fa thead  minnow in an 

embryo-larval test. B i s  (2-chloroethyl  l e t h e r  h a s  a repor ted  

b ioconcent ra t ion  f a c t o r  of 11 i n  a 14-day exposure t o  b lue-  

gills. The h a l f - l i f e  Is from four  t o  seven days.  The re- 

pcr ted  96-hour L C s 0  va lue  f o r  the b l u e g i l l  and 2-chloro- 

- 
. -  - e t h y l  v i n y l  e t h e r  is 1 9 4 , 0 0 0  vq/l. - . - _  

1-4 000509 



CHLOROALKYL ETHERS 

I .  INTRODUCTIdJ 

T h i s  p r o f i l e  is based  on t h e  Ambient Water Q u a l i t y  

Cr i t e r i a  Document f o r  c h l o r o a l k y l  e t h e r s  (U.S. EPA, 1 9 7 9 ) .  

The c h l o r o a l k y l  e t h e r s  are compounds. w i t h  a hydrogen 

atom i n  one or b o t h  o f  t h e  a l i p h a t i c  e t h e r  c h a i n s  s u b s t i t u t e d  

by a c h l o r i n e  atom. The c h e m i c a l  r e a c t i v i t y  o f  t h e s e  com- 

pounds v a r i e s  g r e a t l y ,  depend ing  on t h e  n a t u r e  of t h e  a l i -  

p h a t i c  g r o u p s  and the p l a c e m e n t  of the c h l o r i n e  atoms. The 

most r e a c t i v e  compounds are t h o s e  w i t h  s h o r t  a l i p h a t i c  g r o u p s  

and t h o s e  i n  which c h l o r i n e  s u b s t i t u t i o n  is closest t o  t h e  

e t h e r  oxygen ( a l p h a - c h l o r o )  (U.S. EPA , 1 9 7 9 ) .  

A s  an  i n d i c a t i o n  o'f their h i g h  r e a c t i v i t y ,  c h l o r o m e t h y l  

me thy l  e t h e r  (CMME) , b i s ( c h l o r o m e t h y 1 ) e t h e r  (BCME) , l - ch lo ro -  

e t h y l  e t h y l  es ter ,  and l - c h l o r o e t h y l  me thy l  e t h e r  decompose 

r a p i d l y  i n  water. The b e t a - c h l o r o e t h e r s  , b i s  ( 2 - c h l o r o e t h y 1 ) -  

e t h e r  (BCEE)  and  bis(2-chloroisopropyl)ether ( B C I E )  are more 

s t a b l e  i n  aqueous  s y s t e m s ;  t h e y  are p r a c t i c a l l y  i n s o l u b l e  i n  

water b u t  m i s c i b l e  w i t h  most o r g a n i c  s o l v e n t s  ( U . S .  EPA, 

1979 1. t 

The c h l o r o a l k y l  e t h e r s  have  a wide v a r i e t y  o f  i n d u s t r i a l  

and l a b o r a t o r y  uses i n  o r g a n i c  s y n t h e s i s ,  t e x t i l e  t r e a t m e n t ,  

t h e  m a n u f a c t u r e  of polymers and i n s e c t i c i d e s ,  i n  the p r e p a r a -  

t i o n  of i o n  exchange  r e s i n s ,  and as d e q r e a s i n g  a g e n t s  ( U . S .  
- 

EPA, 1 9 7 9 ) .  

Whi le  t h e  s h o r t  cha i r?  a l p h a - c h l o r o a l k y l  e t h e r s  (BCNE,  . 
CMNE) are v e r y  u n s t a b l e  i n  aqueous s y s t e m s ,  t h e y  a p p e a r  to  be  

r e l a t i v e l y  s t a b l e  i n  t h e  a tmosphe re  ( T o u  and Ka l los ,  1 9 7 4 ) .  

Eiis ( c h l o r o m e t h y l  ) e t h e r  w i l l  form s p o n t a n e o u s l y  i n  t h e  pres- 

I a- 0ooEao 



ence o f  bo th  hydrogen c h l o r i d e  and formaldehyde ( F r a n k e l ,  e t  

al. 1 9 7 4 ) .  

11. EXPOSURE 

The b e t a - c h l o r o a l k y l  e t h e r s  have been moni tored  i n  

water. I n d u s t r i a l  e f f l u e n t s  from c h e m i c a l  p l a n t s  i nvo lved  i n  

t h e  manufac ture  of g l y c o l  p r o d u c t s ,  r u b b e r ,  and i n s e c t i c i d e s  

may c o n t a i n  high l e v e l s  of t h e s e  e t h e r s  (U.S. EPA, 1 9 7 9 ) .  

The h i g h e s t  c o n c e n t r a t i o n s  i n  d r i n k i n g  water of bFs(2-chloro- 

e t h y l  ) e t h e r ,  b i s  ( 2 - c h l o r o i s o p r o p y l )  e t h e r ,  and bFs-l,2- (2- 

ch1oroe thoxy)e thane  (BCEXE) r e p o r t e d  by t h e  U.S. EPA (1975)  

a r e  0.5,  1.'58, and 0.03 ug/ l ,  r e s p e c t i v e l y .  The a v e r a g e  con- 

c e n t r a t i o n  of t h e s e  compounds i n  d r i n k i n g  water is in t h e  

nanogram range  (U.S. E?A, 1 9 7 9 ) .  C h l o r o a l k y l  e t h e r s  have 

been d e t e c t e d  i n  t h e  atmosphere,  and human f n h a l a t i o n  expo- 

s u r e  a p p e a r s  to be l i m i t e d  to o c c u p a t i o n a l  s e t t i n g s .  

The c h l o r o a l k y l  e t h e r s  have n o t  been moni tored  in food 

(U.S. E P A ,  1 9 7 9 ) .  The b e t a c h l o r o a l k y l  e t h e r s ,  because of 

t h e i r  r e l a t i v e  s t a b i l i t y  and l o w  water s o l u b i l i t y ,  may have a 

tendency to  be b ioaccumula ted .  The U.S. EPA (1979)  h a s  esti-  

mated t h e  weighted  b i o c o n c e n t r a t i o n  f a c t o r  to  be 25 f o r ' t h e  

e d i b l e  p o r t i o n s  of f i s h  and s h e l l f i s h  consumed by Americans. 

This is based on t h e  measured s t e a d y - s t a t e  b i o c o n c e n t r a t i o n  

s t u d i e s  i n  b l u e g i l l s .  B i o c o n c e n t r a t i o n  f a c t o r s  f o r  BCME ( 3 1 )  

and B C I E  ( 1 0 6 )  have  been d e r i v e d  u s i n g  a p r o p o r t i o n a l f t y  con- 

s t a n t  r e l a t e d  to o c t a n o l / w a t e r  p a r t i t i o n  c o e f f i c i e n t s  (U .S .  

EPA, 1 9 7 9 ) .  Dermal exposure  f o r  t h e  c h l o r o a l k y l  e t h e r s  has  

n o t  been de te rmined  ( U . S .  E P A ,  1 9 7 9 ) .  
_- - - -  -_  - -  
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I1 I .  PHARMACOKIN ET1 CS 

A. A b s o r p t i o n  

Exper imen t s  w i t h  r a d i o - l a b e l l e d  B C I E  and BkEE, i n  

f ema le  r a t s  and monkeys have i n d i c a t e d  t h a t  bo th  compounds 

are r e a d i l y  a b s o r b e d  i n  t h e  b lood  f o l l o w i n g  o r a l  a d m i n i s t r a -  

t i o n  ( S m i t h ,  e t  a l . ,  1977;  Lingg,  e t  a l . ,  1 9 7 8 ) .  P e r t i n e n t  

d a t a  c o u l d  n o t  be l o c a t e d  i n  t h e  a v a i l a b l e  l i t e r a t u r e  re- 

t r i e v e d  on d e r m a l  or i n h a l a t i o n  a b s o r p t i o n  o f  t h e  a l k y l  

e t h e r s .  

B. D i s t r i b u t i o n  

S p e c i e s  d i f f e r e n c e s  i n  t h e  d i s t r i b u t i o n  o f  r a d i o -  

l a b e l l e d  B C I E  have been r e p o r t e d  by Smi th ,  e t  a l .  ( 1 9 7 7 ) .  

Monkeys, as compared to  r a t s ,  r e t a i n  h i g h e r  amounts  of r a d i o -  

a c t i v i t y  i n  t h e  l i v e r ,  muscle,  and b r a i n .  Ur ine  and e x p i r e d  

a i r  from t h e  r a t  c o n t a i n e d  h i g h e r  l e v e l s  o f  r a d i o a c t i v i t y  

t h a n  t h o s e  found i n  t h e  monkey. Blood l e v e l s  o f  B C I E  i n  mon- 

k e y s  r e a c h e d  a peak  w i t h i n  t w o  h o u r s  f o l l o w i n g  o ra l  adrninis-  

t r a t i o n  and t h e n  d e c l i n e d  i n  a b i p h a s i c  manner ( t 1 / 2 ' s  

= 5 h o u r s  and 2 d a y s  f o r  t h e  f i r s t  and second p h a s e s ,  r e s p e c -  

t i v e l y ) .  

C.  Metabol i sm 

The b i o t r a n s f o r m a t i o n  o f  BCEE i n  r a t s  f o l l o w i n g  

ora l  a d m i n i s t r a t i o n  appears t o  i n v o l v e  c l e a v a g e  of  t h e  e t h e r  

l i n k a g e  and s u b s e q u e n t  c o n j u g a t i o n  ( L i n g g ,  e t  a l . ,  1 9 7 8 ) .  

Thiod i g l y c o l i c  a c i d  and chloroethanol-D-glucuronide were 

i d e n t i f i e d  as u r i n a r y  metaholites of  BCEE. M e t a b o l i t e s  of 

B C I E  i d e n t i f  i ed  i n  t h e  r a t  i n c l u d e d  l - ch lo ro -2 -p ropano l ,  pro-  

p y l e n e  ox Fde, 2 - (  l-nethyl-2-chlocoethoxy)-propionic a c i d  , and 

ca rbon  d i o x i d e  ( S m i t h ,  e t  a l . ,  1 9 7 7 ) .  

. . . * . . . ,  



0 0 7 2 9 0  . 
D. E x c r e t i o n  

BCEE a d m i n i s t e r e d  o r a l l y  to  r a t s  was e x c r e t e d  

r a p i d l y ,  w i t h  more t h a n  60 p e r c e n t  of t h e  compound e x c r e t e d  

w i t h i n  24 hour s .  V i r t u a l l y  a l l  o f  this e l i m i n a t i o n  w a s  v i a  

t h e  u r i n e  (L ingg ,  e t  a l . ,  1 9 7 8 ) .  

IV. EFFECTS 

A. C a r c i n o g e n i c i t y  3 

There  are s e v e r a l  s t u d i e s  w i t h  b i s  ( c h l o r o m e t h y l  ) - 
e t h e r  (BCME) , ch lo romethy l  methyl  ether (CMME) , and b i s ( 2 -  

c h l o r o e t h y 1 ) e t h e r  (BCEE) t h a t  show c a r c i n o g e n i c  e f f e c t s .  

BCME i n d u c d  m a l i g n a n t  tumors of t h e  male r a t  r e s p i r a t o r y  

t rac t  f o l l o w i n g  

1 9 7 5 ) .  

produced s k i n  tumors (Van Duuren, e t  a l . ,  19681,  w h i l e  subcu- 

- 

i n h a l a t i o n  exposure (Kuschner ,  e t  a l . ,  

Application of BCME and BCEXE to t h e  s k i n  of mice 

t aneous  i n j e c t i o n  of BCME t o  newborn mice induced pulmonary 

tumors (Gargus ,  e t  a l . ,  1 9 6 9 ) .  

Oral a d m i n i s t r a t i o n  of b i s ( 2 - c h 1 o r o e t h y l ) e t h e r  (BCZE)  t o  

mice has  been shown to increase t h e  i n c i d e n c e  of  h e p a t o c e l l u -  

l a r  carc inomas  i n  males ( I n n e s ,  e t  a l .  , 1 9 6 9 ) .  

Ep idemio log ica l  s t u d i e s  o f  workers  i n  t h e  Un i t ed  S t a t e s  , 
Germany, and Japan  who were o c c u p a t i o n a l l y  exposed t o  BCME 

and CIWE have i n d i c a t e d  these compounds are human r e s p i r a t o r y  

c a r c i n o g e n s  (U.S. EPA, 1 9 7 9 ) .  

Both BCME and CMME have  been shown to  accelerate t h e  

ra te  of l u n g  t u n o r  fo rma t ion  i n  S t r a i n  A mice f o l l o w i n g  inha-  

l a t i o n  exposure  (Leong, e t  a l . ,  1 9 7 1 ) .  BCME and BCEE have. 

shown t u m o r  i n i t i a t i n g  a c t i v i t y  €or  mouse  s k i n ,  w h i l e  CXME 

- 

.. . showed -only weak i n i t i a t i n g  a c t i v i t y  ( U . S .  EPA, 1 9 7 9 ) .  - - 

* :./ i .!. 
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P r e l i m i n a r y  r e s u l t s  o f  a N a t i o n a l  C a n c e r  I n s t i t u t e  

s t u d y  i n d i c a t e  t h a t  o r a l  a d m i n i s t r a t i o n  of B C I E  d o e s  n o t  pro-  

duce  an  i n c r e a s e  i n  tumor i n c i d e n c e  (U.S. EPA, 1979) .  

B. M u t a g e n i c i t y  

T e s t i n g  o f  t h e  c h l o r o a l k y l  e t h e r s  i n  the Ames - S a l -  

n o n e l l a  a s s a y  on  E. c o l i  have i n d i c a t e d  t h a t  BCME, CMME, 

B C I E ,  and BCEE a l l  p r o d u c e d ' m u t a g e n i c  e f f e c t s  (U.S. EPA, 

1 9 7 9 )  . BCEE h a s  a l so  been r e p o r t e d  to  i n d u c e  m u t a t i o n s  i n  

Saccharomyces c e r e v i s i a e  (U.S. EPA, 1 9 7 9 ) .  N e i t h e r  BCEE n o r  

BCIE  showed mutagen ic  e f f e c t s  i n  t h e  h e r i t a b l e  t r a n s l o c a t i o n  

t es t  i n  mice ( J o r g a n s o n ,  e t  a l .  1 9 7 7 ) .  An i n c r e a s e  i n  cy to -  

g e n e t i c  a b e r r a t i o n s  i n  t h e  lymphocytes  o f  w o r k e r s  exposed  t o  

BCME and CMME w a s  r e p o r t e d  by Zudova and Landa ( 1 9 7 7 ) ;  t h e  

f r e q u e n c y  of a b e r r a t i o n s  d e c r e a s e d  f o l l o w i n g  t h e  removal  of 

w o r k e r s  f rom exposure .  

C. T e r a t o g e n i c i t y  and O t h e r  R e p r o d u c t i v e  E f f e c t s  

P e r t i n e n t  d a t a  cou ld  n o t  be l o c a t e d  i n  t h e  a v a i l -  

a b l e  1 i t e r a tu re .  

D. C h r o n i c  T o x i c f t y  

C h r o n i c  o c c u p a t i o n a l  e x p o s u r e  t o  CMME c o n t a m i n a t e d  

w i t h  BCME h a s  produced  b r o n c h i t i s  i n  w o r k e r s  (U.S. EPA, 

1 9 7 9 ) .  Cigarette smoking h a s  been found to  ac t  s y n e r g i s t i -  

c a l l y  w i t h  CMME e x p o s u r e  to  p roduce  b r o n c h i t i s  (Weiss, 1976 ,  

1 9 7 7 ) .  

Animal s t u d i e s  have  i n d i c a t e d  t h a t  c h r o n i c  e x p o s u r e  

t o  B C I E  p r o d u c e s  l i v e r  n e c r o s i s  i n  mice. Exposure  i n  r a t s '  

causes major e f f e c t s  on t h e  l u n g s ,  i n c l u d i n g  c o n g e s t i o n  and 

pneumonia (U.S. E P A ,  1 9 7 9 ) .  

a- 
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E. Other  Relevant .  I n f o r m a t i o n  

The i n i t i a t i n g  a c t i v i t y  of s e v e r a l  c h l o r o a l k y l  

e t h e r s  i n d i c a t e s  tha t  these compoucds may interact  w i t h  o t h e r  

a g e n t s  to produce  s k i n  p a p i l l o m a s  (Van Duuren, e t  a l . ,  1969,  

1 9 7 2 ) .  

V. AQUATIC TOXICITY 

A. Acute  T o x i c i t y  

The r e p o r t e d  s t a t i c  96-hour LC50 , v a l u e  f o r  the 

b l u e g i l l  (Lepomis m a c r o c h f r u s )  w i t h  2 - c h l o r o e t h y l  v i n y l  e t h e r  

( c o n c e n t r a t i o n  unmeasured) i s  194,000 ug/l (U.S. EPA, 1 9 7 8 ) .  

The 96-hour LC50 v a l u e s  for  t h e  b l u e g i l l  could n o t  be de- 

te rmined  i n  a s t a t i c  tes t  f o r  b i s ( 2 - c h 1 o r o e t h y l ) e t h e r  w i t h  

exposure  c o n c e n t r a t i o n s  as h i g h  as 600,000 ug/l. The concen- 

t r a t i o n  of t h e  e t h e r  was n o t  moni tored  d u r i n g  t h e  b i o a s s a y .  

P e r t i n e n t  d a t a  cou ld  n o t  be l o c a t e d  i n  the a v a i l a b l e  l i t e r a -  

t u r e  on saltwater species. 

B. Chron ic  T o x i c i t y  

An embryo- la rva l  t es t  w a s  conducted  wi th  b i s (  2- 

c h l o r o e t h y l  ) e t h e r  and t h e  f a t h e a d  minnow, ( P imephales  Trome- , 

l a s ) .  Adverse e f f e c t s  were n o t  observed  a t  t es t  c o n c e n t r a -  - 
t i o n s  as h igh  a s  19,000 ug/l. 

C. P l a n t  E f f e c t s  . 

P e r t i n e n t  d a t a  could  n o t  be l o c a t e d  i n  the a v a i l -  

a b l e  l i t e r a t u r e .  

D. Res idues  

Using b i s (  2 - c h l o r o e t h y l ) e t h e r ,  a b i o c o n c e n t r a t i o n  

f a c t o r  o f  11 w a s  de t e rmined  d u r i n g  a 14-day exposure  of blue-  

g i l l s  ( U . S .  EPA, 1 9 7 9 ) .  The h a l f - l i f e  w a s  observed  to  be 

Setween f o u r  and seven  days .  
- -  

- 
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V I .  EXISTING GUIDELINES AND STANDARDS 

N e i t h e r  t h e  human h e a l t h  no r  aquat ic  c r i t e r i a  d e r i v e d  by  

U.S. EPA ( 1 9 7 9 ) ,  which are summarized below,  have  gone 

t h r o u g h  t h e  p r o c e s s  o f  p u b l i c  r ev iew;  t h e r e f o r e ,  t h e r e  is a 

p o s s i b i l i t y  t h a t  t h e s e  c r i t e r i a  may be changed.  

0 A. Human 

Based on animal  carcinogenesis b i o a s s a y s ,  and us ing  

a l i n e a r ,  n o n t h r e s h o l d  m o d e l ,  t h e  U.S. EPA ( 1 9 7 9 )  h a s  esti- 

mated t h e  f o l l o w i n g  ambient water l e v e l s  of c h l o r o a l k y l  

e t h e r s  which w i l l  p r o d u c e  an i n c r e a s e d  c a n c e r  r i s k  of 

lo-': B C I E ,  ll.S~g/1; BCEE, 0 . 4 2  U g / l ;  and BCME 0.02 

n g / l  

E igh t -hour  TWA exposure v a l u e s  (TLV) f o r  the f o l -  

l owing  c h l o r o a l k y l  e t h e r s  have been recommended by t h e  Ameri- 

can Confe rence  o f  Governmenta l  and I n d u s t r i a l  H y g i e n i s t s  

( A C G I H ,  1 9 7 8 ) :  BCME, 1 ppb; BCEE, 5 ppm. 

B. A q u a t i c  

F r e s h w a t e r  and saltwater d r a f t e d  c r i t e r i a  have  n o t  

been d e r i v e d  for any c h l o r o a l k y l  e t h e r s  b e c a u s e  of i n s u f f i -  

c i e n t  d a t a  (U.S. EPA, 1 9 7 9 ) .  
I 

1 

. .  



a CBLOROALKYL ETHERS 

REFERENCES 

American C o n f e r e n c e  of Governmen ta l  I n d u s t r i a l  K y g i e n f s t s .  
1978.  T h r e s h o l d  l i m i t  v a l u e s  f o r  c h e m f c a l  s u b s t a n c e s  and 
p h y s i c a l  a g e n t s  i n  the workroom e n v i r o n m e n t  w i t h  i n t e n d e d  
changes  f o r  1978.  C i n c i n n a t i ,  Ohio.  

F r a n k e l ,  L.S., e t  al .  1974.  Fo rma t ion  of b i s  ( c h l o r o m e t h y l )  
e t h e r  f rom fo rma ldehyde  and hydrogen  c h l o r i d e .  Environ. S c i .  
Technol .  8: 356. 

Gargus ,  J .L.,  e t  a l .  1969.  I n d u c t i o n  of l u n g  adenomas i n  
newborn mice by b i s  ( c h l o r o m e t h y l )  e t h e r .  Tox f c o l .  Appl. 
Phannacol .  15: 92. 

I n n e s ,  J . R . M . ,  et  a l .  1969.  Bioassay of p e s t i c i d e s  and fn- 
d u s t r i a l  c h e m i c a l s  f o r  t u m o r i g e n i c i t y  fn mice: A p r e l i m i n a r y  
n o t e .  Jour. N a t l .  Cance r  I n s t .  42: 1101.  

J o r g e n s o n ,  T.A., e t  a l .  1977.  S t u d y  of t h e  m u t a g e n i c  po ten -  
t i a l  of b i s ( 2 - c h l o r o e t h y l )  and  b i s  ( 2 - c h l o r o i s o p r o p y l )  e t h e r s  
h m i c e .  by t h e  h e r i t a b l e  t r a n s l o c a t i o n  t es t .  T o x f c o l .  Appl .  
Pharmacol .  41: 196.  

Kuschner ,  M., e t  a l .  1975.  I n h a l a t f o n  c a r c i n o g e n i c i t y  of 
a l p h a  h a l o  e s t h e r s .  111. L i f e t i m e  and l i m i t e d  p e r i o d  i n h a l a -  
t i o n  s t u d i e s  w i t h  b i s ( c h l o r o m e t h y 1 ) e t h e r  a t  0.1 ppm. Arch 
Envi ron .  H e a l t h  30: 73. 

Leong, B.K.J., e t  a l .  1971. 1ndu.c t ion  of l u n g  adenomas by 
c h r o n i c  i n h a l a t i o n  of b i s ( c h l o r o m e t h y 1 ) e t h e r .  Arch. Envf ron .  
K e a l t h  22: 663. 

Lingq,  R.D.,  e t  a l .  1978. F a t e  of b i s ( 2 - c h l o r o e t h y 1 ) e t h e r  
i n  r a t s  a f t e r  a c u t e  oral  a d m i n i s t r a t i o n .  Toxfco l .  Appl.  
Pharmacol .  45:  248. 

S m i t h ,  C.C., e t  a l .  1977. Compara t ive  metabolism o f  ha lo -  
e t h e r s .  Ann. N.Y. Acad. S c i .  298: 111. 

Tou, J . C . ,  and G . J .  Kallos. 1974.  K f n e t i c  s t u d y  of t h e  sta- 
b i l i t i e s  of c h l o r o m e t h y l  methyl e t h e r  and b i s (  c h l o r o m e t h y l )  - 
e ther  i n  humid a i r .  Anal. Chem. 46: 1866.  

/ 

U.S. EPA. 1975.  P r e l i m i n a r y  a s s e s s m e n t  of s u s p e c t e d  c a r c i n -  
o g e n s  i n  d r i n k i n g  water. Rep. Cong. U.S. Environ .  P r o t .  
Agency, Washington ,  D.C. 

U.S. EPA. 1978. In -dep th  s t u d i e s  on h e a l t h  and environmen- 
t a l  impac t s  o f  s e l e c t e d  water p o l l u t a n t s .  U.S. EnvFron. 
?ro t .  Agency, C o n t r a c t  No. 68-01-4616. 

- 

I .  



U. S. EPA. 1979.  C h l o r o a l k y l  E t h e r s :  Ambient Water Q u a l i t y  
C r i t e r i a .  ( D r a f t ) .  

Van Duuren,  B.L., e t  a l .  1968.  A l p h a - h a l o e t h e r s :  A new t y p e  
o f  a l k y l a t i n g  c a r c i n o g e n .  Arch. Env i ron .  H e a l t h  1 6 :  472. 

Van Duuren,  B.L.,  e t  a l .  1969.  C a r c i n o g e n i c i t y  of  ha lo -  
e t h e r s .  J o u r .  N a t l .  C a n c e r  I n s t .  43: 481. 

Van Duuren; B.L., e t  a l .  1972. C a r c i n o g e n i c i t y  of ha lo -  
e t h e r s .  11. S t r u c t u r e - a c t i v i t y  r e l a t i o n s h i p s  of a n a l o g s  of 
b i s ( c h l o r o m e t h y 1 ) e t h e r .  J o u r .  N a t l .  Cance r  I n s t .  48 :  1 4 3 1 .  

W e i s s ,  W. 1976.  Ch lo romethy l  e t h e r s ,  c i g a r e t t e s , .  cough and 
c a n c e r .  J o u r .  Occup. Med. 18: 194 .  

Weiss, W. 1977.  The f o r c e d  e n d - e x p i r a t o r y  f l o w  r a t e  i n  
c h l o r o m e t h y l  e t h e r  worke r s .  J o u r .  Occup. Med. 19:  611. 

Zudova, Z . ,  and K. Landa. 1977.  G e n e t i c  r i s k  of o c c u p a t i o n -  
a l  e x p o s u r e s  t o  h a l o e t h e r s .  Muta t .  R e s .  46: 242. 

. 

$ 
-#- 



- -  

I 

No. 4 2 -  

Chlorobenzene 

Health and Envirowental. ,Effects 

U. S ENVIRONHENTAL PROTECTION AGENCY 
WASHINGTON, D.C. 20460 

APRIL 30, 1980 
b 

080519 



DISCLAIMER 

T h i s  report  r e p r e s e n t s  a s u r v e y  of t h e  p o t e n t i a l  h e a l t h  
a n d  e n v i r o n m e n t a l  hazards  from e x p o s u r e  t o  t h e  s u b j e c t  chemi- 
cal .  The i n f o r m a t i o n  c o n t a i n e d  i n  t h e  report  is  drawn c h i e f l y  
f r o m  s e c o n d a r y  s o u r c e s  and ava i lab le  r e f e r e n c e  documen t s  . 
B e c a u s e  of t h e  l i m i t a t i o n s  of s u c h  s o u r c e s ,  t h i s  s h o r t  p r o f i l e  
may n o t  ref lect  a l l  ava i lab le  i n f o r m a t i o n  i n c l u d i n g  a l l  t h e  
a d v e r s e  h e a l t h  and  e n v i r o n m e n t a l  . i m p a c t s  p r e s e n t e d  by t h e  
s u b j e c t  chemical. T h i s  document  h a s  a n d e r g o n e  s c r u t i n y  t o  
e n s u r e '  i t s  t e c h n i c a l  accuracy. 
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CHLOROBENZENE 

s-ry 

There is l i t t l e  data  on the quan t i t i e s  of chlorobenzene i n  a i r ,  water 

and food, although t h i s  compound has been iden t i f i ed  i n  these media. Chron- 

i c  exposure t o  chlorobenzene appears t o  cause a var ie ty  of  pathologies under 

d i f f e ren t  experimental regimens; however, the l i v e r  and kidney appear . t o  be 

affected i n  a number of species. mere have been no s tudies  conducted t o  

evaluate the mutagenic, teratogenic ,  o r  carcinogenic po ten t i a l  of chloro- 

benzene. 

Four species of freshwater f i s h  have 96-hour LC50 values ranging from 

24,000 t o  51,620 pg/ l .  Hardness does not  s ign i f i can t ly  affect the values. 

In saltwater, a f i s h  and shrimp had reported 9 6 - h ~  LC50 va lues  of 10,500 

p g i l  and 6,100 pg/ l ,  respectively.  No chronic data involving chlorobenzene 

are avai lable .  Algae, both fresh and saltwater, are considerably less sen- 

si t ive t o  chlorobenzene tox ic i ty  than f i s h  and invertebrates.  

. ' ., " , i  
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I. INTRODUCTION 

This p r o f i l e  i s  based on the Ambient Water Qual i ty  C r i t e r i a  Document 

fo r  Chlorinated Benzenes (U.S. EPA, 1979). 

Chlorobenzene, most of ten re fe r red  t o  as monochlorobenzene (MCE; 

C6H5Cl; molecular weight 112.561, i s  a co lor less l i q u i d  wi th a pleasant 

aroma. Monochlorobenzene has a melt ing po in t  of -45.SoC, a b o i l i n g  po in t  

of 131-132'C, a water s o l u b i l i t y  of 488 mg/l a t  E 0 C ,  and a densi ty o f  

1.107 g/ml. Monochlorobenzene has been used as a synthet ic  intermediate i n  

the production of phenol, DDT, and an i l ine .  It i s  a lso used as a solvent i n  

the manufacture of adhesives, paints,  polishes, waxes, diisocyanates, 

-r 

pharmaceuticals and na tura l  rubber (U.S. EPA, 1979). 

Data on current production derived from U.S. In te rna t iona l  Trade Com- 

mission repor ts  show t h a t  between 1969 and 1975, the U.S. annual product ion 

of monochlorobenzene decreased by 50 percent , from approximately 600 m i l l i o n  

pounds t o  approximately 300 m i l l i o n  pounds (U.S. €PA, 1977). 

11. EXPOSURE 

A. Water 

Based on the vapor pressure, water s o l u b i l i t y ,  and molecular weight 

of chlorobenzene, Mackay and Leinonen (1975) estimated the h a l f - l i f e  of 

evaporation from water t o  ,be 5.8 hours. Monochlorobenzene has been detected 

i n  ground water, lluncontaminatedii upland water, and i n  waters contaminated 

e i t h e r  by i ndus t r i a l ,  municipal or  a g r i c u l t u r a l  waste. The concentrations 

ranged from 0.1 t o  27 pg/l ,  w i t h  raw waters having the lowest concentration 

and municipal waste the highest (U.S. EPA, 1975, 19771. These estimates 

should be considered as gross estimates o f  exposure, due t o  the v o l a t i l e  

nature of monochlorobenzene. 

. .. - - ._ . _. .. . ~ .. . .. . .  - . -. . . . .. . . - . . .  - - . . . -. . . . . -. - .. - - - - - - . .  . - 
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8. Food 
The U S .  EPA (1979) has estimated t h e  weighted average bioconcm- 

t r a t i o n  fac tor  of monochlorobenzene t o  be U for  the eaible port ions of f i s h  

and s h e l l f i s h  consumed by Americans. This estimate was based on octanol/- 

water pa r t i t i on  coef f ic ien ts .  

C. . Inhalation 

Data have not been found i n  the avai lable  l i t e r a t u r e  which.dea1 ' .  . 

w i t h  exposure t o  chlorobenzene outs ide o f  the indus t r i a l  working environment. 

111. PHARMACOKINETICS . .  

' 

. - I  

A. Absorption 

There is l i t t l e  question, based on human e f f ec t s  and m m a l i a n  

tox ic i ty  studies, that chlorobenzene is absorbed through the lungs and fm 

the gas t ro in t e s t ina l  tract  ( U S .  E P A ,  19T7). 

8. Distr ibut ion 

Because chlorobenzene is highly l i poph i l i c .  and hydrophobic, i t  

would be expected t h a t  it would be d is t r ibu ted  throughout t o t a l  booy water 

space, w i t h  body l i p i d  providing a deposit ion s i te  ( U S .  E P A ,  1979). 

C. Metabolism 

Chlorobenzene is metabolised via an NADPH-cytochrome P a 8  depen- 

dent microsomal enzyme system. The first product, and rate l imi t ing  step, 

i s  a epoxidation; t h i s  is followed by formation of diphenolic and monophe- 

nOliC compounds ( U S .  €PA, l.979). Various conjugates of these phenolic 

der iva t ives  a r e  the primary excretory products (Lu, e t  a l .  1974). Evidence 

ind ica tes  t h a t  the metabolism o f  monochlorobenzene r e s u l t s  i n  the formation 

of tox ic  intermediates (Kohli, e t  a l .  1976). Brodie, e t  a l .  (1971) induced 

microsomal enzymes wi th  phenobarbital and showed a potent ia t ionin i n  'the 

tox ic i ty  of monochlorobenrene. However, t h e  use of 3-methylcho- 

. ,  . , _ I  080523 
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l an th rene  t o  induce microsomal enzymes provided p r o t e c t i o n  f o r  rats (Oesch, 

e t  a l .  1973). 

t i o n  o f  carcinogenic  a c t i v e  in t e rmed ia t e s  (Kohli ,  e t  a l .  1976). 

The metabolism of chlorobenzene may a l s o  lead t o  t h e  forma- 

0. Excret ion 

The predominant r o u t e  of e l imina t ion  is through t h e  formation o f  

conjugates  of t h e  me tabo l i t e s  of monochlorobenzene and e l imina t ion  of these 

conjugates  by t h e  u r i n e  (U.S. EPA, 1979). The types  o f  conjugates  formed 

vary wi th  species (Williams, e t  al .  1975). I n  the r a b b i t ,  27 pe rcen t  o f  an 

administered dose appeared unchanged i n  t h e  expired a i r  (Williams, 1959). . .-, 

IV .  EFFECTS 

P e r t i n e n t  data  could no t  be loca t ed  i n  t h e  a v a i l a b l e  l i t e r a t u r e  on t h e  

ca rc inogen ic i ty ,  mutagenicity,  t e r a t o g e n i c i t y ,  o r  o t h e r  reproduct ive effects 

of chlorobenzene. 

A. Chronic Toxici ty  

Data on t h e  chronic  t o x i c i t y  o f  chlorobenzene i s  s p a r s e  and some- 

what con t r ad ic to ry .  @@Histopathological  changes'@ have been noted i n  lungs,  

l i v e r  and kidneys following i n h a l a t i o n  of monochlorobenzene (200, 475, and 

1,000 ppm) i n  rats, rabbi ts  and guinea p i g s  ( I r i s h ,  1963). Oral adminis t ra-  

t i o n  of doses of 12.5, 50 and 250 mg/kg/day t o  rats produced l i t t l e  patholo- 

g i c a l  change, except  f o r  growth r e t a r d a t i o n  i n  males (Knapp, e t  a l .  1971). 

B. Other Relevant Information 

Chlorobenzene appears  t o  i n c r e a s e  t h e  ac t iv i ty  of  microsomal NADPH- 

Induction of  microsomal enzyme cytochrome P-450 dependent enzyme systems. 

a c t i v i t y  has been shown t o  enhance the  metabolism . o f  a wide variety of  

drugs,  pesticides and o t h e r  xenobiot ics  (U.S. EPA, 1979). 

- .  - -  .. - . . -  . .  . . .  
.. . - .. . ..  . 



V. AQUATIC TOXICITY 

A.  Acute Toxicity 

Pickering and Henderson ( 1966) reported observed 9Ghour LC50 

values fo r  goldf ish,  Carassius auratus ,  guppy, Poeci l ia  re t icu la tus ,  and 

b luegi l l ,  Leoomis macrochims, t o  be 51,620, 45,530, and 24,000 Ng/l ,  re- 

spectively, fo r  chlorobenzene. Two 96-hour LCfo values for  chlorobenzene 

and fathead minnows, Pimeohales promelas, are 33,930 yg/1 i n  s o f t  water (20 

mg/l) and 29,120 ug/1 i n  hard water (360 m g / l ) ,  i nd ica t ing  that hardness 

does not s ign i f icant ly  affect the acute  tox ic i ty  .of chlombenzene (U.S. €PA, 

1978). With Daphnia mama, an observed 48-hour ECX) value of 86,000 pg/l 

was reported.' In  saltwater s tudies ,  sheepshead minnow had a reported un- 

adjusted LCx (96-hOUr) value of 10,500 pg/l, w i t h  a 96hour  EC50 of  

16,WO ug/ l  fo r  mysid shrimp (U.S. €PA,  1978). 

8. Chronic Toxicity 

No chronic tox ic i ty  s tud ie s  have been reported on t h e  chronic 

tox ic i ty  of chlombenzene and any salt or freshwater species. 

C. P l a n t  Effects 

The freshwater alga Selenas trum caoricornutum is considerably less 

sens i t ive  than f i s h  and Daohnia maqna. Based on cel l  nunbers, the species 

has a reported 96-hour ECZ0 value o f  224,000 pg/1. The saltwater alga, 

Skeletonema costatun, had a 96-hOur EC50, based on cel l  numbers of 341,000 

w1. 

0. Residues 

A bioconcentration f ac to r  of 04 w a s  obtained assuming an 8 percent 

l i p i d  content of f ish.  . 

d 
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V I .  EXISTING GUIDELINES A N 0  STANDARDS 

Neither t h e  human health nor the a q u a t i c  cr i ter ia  derived- by U.S. €PA 

(19791, which are summarized below, have gone through t h e  p rocess  of  pub l i c  

review; the re fo re ,  there is  a p o s s i b i l i t y  t h a t  these cri teria w i l l  be 

changed. 

A. Human 

The American Conference of Governmental I n d u s t r i a l  Hygienis ts  

The 

acceptable d a i l y  i n t a k e  ( A D I )  was c a l c u l a t e d  t o  be ..1.008 mg/day. The U.S. 

EPA (1979) d r a f t  water c r i t e r i o n  f o r  chlorobenzene is  20 1.1911, based on 

threshold concentrat ion f o r  odor and taste. 

-. ' (ACGIH, 1971) th re sho ld  l i m i t  value f o r  Chlorobenzene is  350 mg/m3. 

B. Aquatic 

For chlorobenzene, t h e  draf ted c r i t e r i o n  t o  p r o t e c t  freshwater 

a q u a t i c  l i f e  is 1,500 u g / l  as a 24-hour average; the concen t r a t ion  should 

not  exceed 3,500 Ag/l  a t  any time. To p r o t e c t  saltwater a q u a t i c  l i f e ,  a 

draf t  c r i t e r i o n  of 120 Dg/l as a 24-hour average wi th  a concen t r a t ion  not  

exceeding 280 pg/1 a t  any time has been recommended' (U.S. €PA, 1979). 

. 
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DISCLAIMER 

T h i s  report  r e p r e s e n t s  a s u r v e y  of t h e  p o t e n t i a l  h e a l t h  
and  e n v i r o n m e n t a l  h a z a r d s  f rom e x p o s u r e  t o  t h e  s u b j e c t  chemi- 
ca l .  The i n f o r m a t i o n  c o n t a i n e d  i n  t h e  r e p o r t  is  drawn c h i e f l y  
from s e c o n d a r y  s o u r c e s  and a v a i l a b l e  r e f e r e n c e  documents.  
Because  of t h e  l i m i t a t i o n s  of  s u c h  s o u r c e s ,  t h i s  s h o r t  p r o f i l e  
may n o t  r e f l ec t  a l l  a v a i l a b l e  i n f o r m a t i o n  i n c l u d i n g  a l l  t h e  
a d v e r s e  h e a l t h  and  e n v i r o n m e n t a l  i m p a c t s  p r e s e n t e d  by t h e  
s u b j e c t  chemical. T h i s  document h a s  unde rgone  s c r u t i n y  to  
e n s u r e  i ts  t e c h n i c a l  a c c u r a c y .  
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p-Chloro-*cresol has been found t o  be s u s c e p t i b l e  t o  biodegradation 

It has been found under aerobic  condi t ioas  in a s y n t h e t i c  sewage sludge. 

t o  b e  formed by the chlor ina t ion  of waters receiving e f f l u e n t s  from electric 

power-generating p l a n t s  and by t h e  c h l o r i n a t i o n  of the e f f l u e n t  from a 
domestic sewage treatment f a c i l i t y .  

Very l i t t l e  infonnatioa on t h e  h e a l t h  effects of p-chloro-m-cresol 

w a s  located.  

in humans, although support  f o r  t h i s  statement is ' l imited. I n  rats, a 
subcutaneous LDs0 of 400 mg/kg and an o r a l  LDLo of SO0 mg/kg have been 

reported. 

p-Chloro-m-cresol has been character ized as very t o x i c  

I. INTRODUCTSON . 

p-Chloro-m-cresol (4-chloro-3-methylphenol; C,H,ClO; m o l e d a r  

veight  142.58) is a s o l i d  (dimorphous c r y s t a l s )  a t  room temperature. The 

pure compound is odor less ,  bu t  it has a phenolic odor in its most caeermon, impure 

form. Its melting poin t  is 5 5 . 5 O C  and i t s  boi l ing  point is 235OC. 
It is so luble  in vater and many organic  solvents (IJindholz 1976). 

- 

A review of the production range ( includes importation) statistics 

f o r  p-chloro-m-cresol (CAS Xo. 59-50-7) as l i s t e d  in t h e  in i t ia l  TSCA 

Inventory (U.S. EPA 1979) shows t h a t  between 10,000 and 90,000 pounds of 

t h i s  chemical were produced/Fmported in 1977. 
* 

p-Chloro-m-cresol is  used as an external germicide and as a preserva- 

t i v e  f o r  glues ,  p a i n t s ,  inks, t e x t i l e s  and l e a t h e r  goods (Hawley 1971). 

It is also used as a preservat ive i n  cosmetics (Wilson 1975, Liem 1977). 
EPA (1973) i n d i c a t e s  t h a t  p-chloro-m-cresol is ' 'cleared f o r  use i n  adhesives 

used in food packaging." 

*This production range information does not include any production/importation 
d a t a  claimed as conf ident ia l  by t h e  person(s) repor t ing  f o r  the  TSCX 
Inveatory,  nor does i t  include any information which would compromise Con- 
f i d e n t i a l  Business Infomarion.  The da ta  submitted f o r  t h e  TSCA Inventorv, 
including production range i n f o m a t i o n ,  a r e  subject  to  the limitations con- 
tained i n  the  Inventory Reporting Regulations (bo  CFR 710). e -- -- 

" . .  
. .  

, .  . 43-3 088532 



11. EXPOSURE' 

. A. Environmental Face 

Voets et al. (1976) reported that p-chloro-m-cresol was quite susceptible 

to microbial breakdown under aerobic conditions in an organic medium 

(synthetic sewage sludge), while degradation under aerobic conditions in a 
mineral solution (simulating oligotrophic aquatic systems) was relatively 

difficult. 
conditions. 

No degradation was observed in either system under anaerobic 

B. Bioconcentration 

No studies on the bioconcentration potential of this compound were 
found. Based on its solubility, p-chloro-at-cresol would not be expected 

to have a high bioconcentration potential. 

C. Exposure 

Human exposure to p-chloro-m-cresol occurs through its presence in 
certain cosmetics and in a variety of other consumer products in which 
it is used as a preservative (Wilson 1975, Lien 1977). 

p-Chloto-m-cresol has been found to be formed by the chlorination 

of water from a lake and a river receiving cooling waters from electric 

power-generating plants, at concentrations of 0.2 ug/l and 0.7 ug/ l ,  res- 

pectively. 

effluent from a domestic sewage treatment facility at a concentration of 
1.5 ug/l (Jolley et al. 1975). 

It has also been found to be formed by the chlorination of the 

111. PHARXACORINETICS 

No information was found. 

IV. IfEALTH EFFECTS 

Very little toxicological data for p-chloro-m-cresol was availabae. The 

subcutaneous for p-chloro-m-cresol in rats is 400 mg/kg (NIOSH 1975). 
The oral LDLo for p-chloro-m-cresol in rats is 500 mg/kg. 

intraperitoneal LD 

In mice the 

is 200 mg/kg is 30 mg/kg and the subcutaneous LD 
LO Lo 
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(U.S. DHE[J 1978). 
with a probable le thal  dose to humans of 50-500 mg/kg. (Von Oettingen 

as quoted in Gosselin et al. 1976). 
as non-irritating to  skin in concentrations of 0.5 to,' 1.0% in alcohol. 

One author has rated p-chlor-cresol as very toxic,  

p-Chloro-m-cresol vas a i s 0  reported 

V. AQUATIC TOXICITY 

A. Acute 

The ouly information available is  that fo r  Daphnia Pulex. The 

96-hour LC50 for p-chloro-m-cresol exposure is 3 .1  mg/L (Jolley e t  al. 1977). 

PI. GUIDELINES 

No guidelines for exposure to p-chloro-m-cresol vere located. 

. . -  . . .. .. .~ . - . .  . ._ . . - .  . .  . . . .. - ~- - .~ . , . . .. . . .. .. ~- . .. . . .  . - . - . . . .. . 
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DISCLAIMER 

T h i s  r e p o r t  r e p r e s e n t s  a s u r v e y  of t h e  B o t e n t i a l  h e a l t h  
and  e n v i r o n m e n t a l  h a z a r d s  f rom e x p o s u r e  t o  t h e  s u b j e c t  chemi-  
c a l .  The  i n f o r m a t i o n  c o n t a i n e d  i n  t h e  r e p o r t  is drawn c h i e f l y  
from s e c o n d a r y  s o u r c e s  and a v a i l a b l e  r e f e r e n c e  documents . 
Because  of t h e  l i m i t a t i o n s  of such  sources, t h i s  sho r t  p r o f i l e  
may n o t  reflect a l l  ava i lab le  i n f o r m a t i o n  i n c l u d i n g  all t h e  
a d v e r s e  h e a l t h  and e n v i r o n m e n t a l  i m p a c t s  p r e s e n t e d  by t h e  
subjec t  chemical. T h i s  document has  undergone  s c r u t i n y  t o  
e n s u r e  i ts  t e c h n i c a l  a c c u r a c y .  



CHLOROETHANE 

SUMMARY 

T h e r e  is no a v a i l a b l e  e v i d e n c e  which i n d i c a t e s  tha t  

monochloroe thane  p r o d u c e s  c a r c i n o g e n i c ,  mu tagen ic ,  or terato-  

g e n i c  e f f e c t s .  Symptoms produced  by human p o i s o n i n g  w i t h  

monochloroe thane  i n c l u d e  c e n t r a l  ne rvous  sys t em d e p r e s s i o n ,  

r e s p i r a t o r y  f a i l u r e ,  and cardiac a r r h y t h m i a s .  The r e s u l t s  of 

an ima l  s t u d i e s  i n d i c a t e  t h a t  l i v e r ,  k i d n e y ,  and cardiac t o x i -  

c i t y  may be produced  by monochloroe thane .  . - v  

Data examining  t h e  t o x i c  e f f e c t s  of c h l o r o e t h a n e  on  

a q u a t i c  o rgan i sms  were n o t  a v a i l a b l e .  



CHLOROETHAN E 

I .  INTRODUCTI a 
T h i s  p r o f i l e  is based  on t h e  Ambient  Water Q u a l i t y  C r i -  

t e r i a  Document f o r  C h l o r i n a t e d  E t h a n e s  ( U . S .  EPA, 1 9 7 9 a ) .  

The c h l o r o e t h a n e s  are h y d r o c a r b o n s  i n  which  one  or more 

of t h e  h y d r o g e n  atoms have  been  r e p l a c e d  by c h l o r i n e  atoms. 

Water s o l u b i l i t y  and v a p o r  p r e s s u r e  d e c r e a s e ,  w i t h  i n c r e a s i n g  

c h l o r i n a t i o n ,  w h i l e  d e n s i t y  and m e 1  t i n g  p o i n t  i n c r e a s e .  

Monoch lo roe thane  ( c h l o r o e t h a n e ,  M.W. 64 .52 )  is  a g a s  a t  room 
-. 

t e m p e r a t u r e .  

m e l t i n g  p o i n t  of -138.7OC1 a specif ic  g r a v i t y  of 0 .9214,  and 

a s o l u b i l i t y  of 5.74 g /1  i n  water ( U . S .  EPA, 1 9 7 9 a ) .  

The compound h a s  a b o i l i n g  p o i n t  of 1 3 . l o C ,  a 

The c h l o r o e t h a n e s  are used as s o l v e n t s ,  c l e a n i n g  and de- 

g r e a s i n g  a g e n t s ,  and i n  t h e  c h e m i c a l  s y n t h e s i s  of a number of 

compounds. 

The 1976  p r o d u c t i o n  of m o n o c h l o r o e t h a n e  was 335 x l o 3  
t o n s / y e a r  ( U . S .  EPA, 1 9 7 9 a ) .  

The c h l o r i n a t e d  e t h a n e s  fo rm azeotropes w i t h  water ( K i r k  

and  Othmer ,  1 9 6 3 ) .  

( L a n g e ,  1 9 5 6 ) .  

A l l  are v e r y  s o l u b l e  i n  o r g a n i c  s o l v e n t s  

Microbial d e g r a d a t i o n  of t h e  c h l o r i n a t e d  

e t h a n e s  h a s  n o t  been  d e m o n s t r a t e d  ([J.S. EPA, 1 9 7 9 a ) .  

The r e a d e r  is r e f e r r e d  t o  t h e  C h l o r i n a t e d  E t h a n e s  Hazard  

P r o f i l e  f o r  a more g e n e r a l  d i s c u s s i o n  of c h l o r i n a t e d  e t h a n e s  

( U . S .  EPA, 1 9 7 9 b ) .  

11. EXPOSURE 

The c h l o r o e t h a n e s  p r e s e n t  i n  raw and f i n i s h e d  waters a re  

Smal l  amoun t s  of t h e  

- c h l o r o e t h a n e s -  may -be formed by c h l o r i n a t i o n  of d r i n k i n g  water  

due  p r i m a r i l y  to i n d u s t r i a l  d i s c h a r g e s .  



or t r e a t m e n t  of sewage. A i r  l e v e l s  o f  c h l o r o e t h a n e s  a r e  

p roduced  by e v a p o r a t i o n  of t h e s e  v o l a t i l e  compounds w i d e l y  

used  a s  d e g r e a s i n g  a g e n t s  and i n  d r y  c l e a n ' i n g  o p e r a t i o n s  

(U.S. EPA, 1 9 7 9 a ) .  

S o u r c e s  o f  hunan e x p o s u r e  to  c h l o r o e t h a n e s  i n c l u d e  

water, a i r ,  c o n t a m i n a t e d  f o o d s  and f i s h ,  and d e r m a l  absorp- 

t i o n .  F i s h  and s h e l l f i s h  h a v e  shown l e v e l s  of c h l o r o e t h a n e s  

i n  t h e  nanogram r a n g e  ( D i c k s o n  and  X i l e y ,  1 9 7 6 ) .  Data on t h e  
T 

levels  o f  m o n o c h l o r o e t h a n e s  i n  f o o d s  is n o t  avai lable .  

An average b i o c o n c e n t r a t i o n  f a c t o r  f o r  m o n o c h l o r o e t h a n e  

i n  f i s h  and ' s h e l l f i s h  h a s  n o t  been d e r i v e d  by the EPA. 

I I I . PHARMACOKIN E T I  CS 

P e r t i n e n t  da ta  c o u l d  n o t  be l o c a t e d  i n  t h e  a v a i l a b l e  

l i t e r a t u r e  on m o n o c h l o r o e t h a n e  f o r  a b s o r p t i o n ,  d i s t r i b u t i o n ,  

m e t a b o l i s m ,  and e x c r e t i o n .  However, the r e a d e r  is r e f e r r e d  

t o  a mbre g e n e r a l  t r e a t m e n t  of c h l o t o e t h a n e s  ( U . S .  EPA, 

1 9 7 9 b ) ,  which  i n d i c a t e s  r a p i d  a b s o r p t i o n  of c h l o r o e t h a n e s  

f o l l o w i n g  o ra l  or i n h a l a t i o n  e x p o s u r e :  w i d e s p r e a d  d l s t z i b u -  

t i o n  o f  t h e  c h l o r o e t h a n e s  t h r o u q h o u t  the body; e n z y m a t i c  de- 

c h l o r i n a t i o n  and o x i d a t i o n  to  t h e  a l c o h o l  and es ter  form; 

and e x c r e t i o n  of t h e  c h l o r o m e t h a n e s ,  p r i m a r i l y  i n  the u r i n e  

and e x p i r e d  a i r .  S p e c i f i c a l l y  f o r  m o n o c h l o r o e t h a n e ,  abso rp -  

t i o n  f o l l o w i n g  ' d e r m a l  a p p l i c a t i o n  is minor ;  and e x c r e t i o n  

. a p p e a r s  to  be r a p i d ,  w i t h  t h e  major p o r t i o n  of t h e  i n j e c t e d  

compound excreted i n  t h e  f i r s t  2 4  h o u r s  ( U . S .  EPA, 1 9 7 9 a ) .  . 



I V .  EFFECTS 

P e r t i n e n t  d a t a  c o u l d  n o t  be located i n  t h e  a v a i l a b l e  

1 i t e r a tu re  on m o n o c h l o r o e t h a n e  f o r  c a r c i n o q e n i c i t y ,  m u t a g e n i -  

c i t y ,  t e r a t o g e n i c i t y  and o t h e r  r e p r o d u c t i v e  e f f e c t s .  

A. C h r o n i c  T o x i c i t y  

Hunan symptons  of m o n o c h l o r o e t h a n e  p o i s o n i n g  i n d  i- 

cate  c e n t r a l  n e r v o u s  s y s t e m  d e p r e s s i o n ,  resp i ra tory  f a i l u r e ,  

and card i v a s c u l a r  symptoms, i n c l u d  i n a  c a r d  iac a r r h y t h m i a s  -r 

(U.S. EPA, 1 9 7 9 a ) .  Animal t o x i c i t y  h a s  i n d i c a t e d  k i d n e y  dam- 

age and f a t t y  i n f i l t r a t i o n  of t h e  l i v e r ,  k i d n e y ,  and h e a r t  

(U.S. EPA, 1 9 7 9 a ) .  

V. AOUATI C 'TOXI CITY 

P e r t i n e n t  d a t a  c o u l d  n o t  be l o c a t e d  i n  t h e  a v a i l a b l e  

1 i t e r a t u r e .  

V I .  E X I S T I N G  G U I D L I N E S  AND STAHDARDS 

A. Human 

The e i g h t - h o u r  TWA s t a n d a r d  p r e p a r e d  by OSHA f o r  

n o n o c h l o r o e t h a n e  is 1 , 0 0 0  ppm. 

S u f f i c i e n t  d a t a  a r e  n o t  a v a i l a b l e  t o  d e r i v e  a c r i -  

t e r i o n  t o  protect  human h e a l t h  f tom e x p o s u r e  to  monochloro-  

e t h a n e  i n  a m b i e n t  water. 

R. A q u a t i c  

T h e r e  are n o t  s u f f i c i e n t  t o x i c o l o g i c a l  d a t a  t o  cal- 

c u l a t e  e x p o s u r e  c r i te r ia .  
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DISCLAIMER 

T h i s  report r e p r e s e n t s  a s u r v e y  05 t h e  p o t e n t i a l  h e a l t h  
and envi ronmenta l  haza rds  from exposure t o  t he  s u b j e c t  chemi- 
c a l .  The in fo rma t ion  conta ined  i n  the  r e p o r t  is drawn c h i e f l y  
from secondary  s o u r c e s  and a v a i l a b l e  r e f e r e n c e  documents . 
Because of t h e  l i m i t a t i o n s  of such  sources, t h i s  s h o r t  p r o f i l e  
may n o t  r e f l e c t  all avai lable  i n f o r - a t i o n  i n c l u d i n g  a l l  t h e  
adve r se  h e a l t h  and envi ronmenta l  imaatts p re sen ted  by t h e  
s u b j e c t  chemical. T h i s  document has  undergone s c r u t i n y  t o  
ensu re  i ts  t e c h n i c a l  accuracy.  
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CHLOROETHENE 

(VINYL CXLORIDE) 

Summary 

Vinyl chloride has been used for over 40 years in the produc- 

tion of polyvinyl chloride. Animal studies indicate that vinyl 

chloride is not teratogenic, but it has been found to be mutagenic 

in several biologic test systems. Vinyl chloE.ide has been found to 

be carcinogenic in laboratory animals and has been positively asso- 

ciated with angiosarcoma of the liver in humans. Recently "vinyl 

chloride disease", a multisystem disorder, has been described in 

workers exposed to vinyl chloride. 

-l 

Data are lacking concerning the effects of vinyl chloride 

in freshwater and saltwater aquatic life. 



CHLOROETHENE 

(VINYL CHLORIDE) ' 

I. INTRODUCTION 

Vinyl chloride (CHZCECl; molecular weight 62.5)  is a highly 

flammable chloro-olefinic hydrocarbon which emits a sweet 3 r  

aleasant odor, and has a vapor density slightly more than twice 

tSat of air. Its physical properties include: melting point, 

-153.8OC; and solubility in water, O.llg/lOO g at 28OC. It is 

soluble in alcohol and very soluble in ether and carbon tetra- 

chloride (Weast, 1972). Nany salts of metals (including silver, 

copper, iron, ' platinum, iridium) have the ability to complex 

with vinyl chloride resulting in its increased solubility in 

water. Conversely, alkali metal salts, such as sodium or potas- 

sium chloride, may decrease the solubility of vinyl chloride 

in aqueous solutions (Fox, 1978). 

Vinyl chloride has been used for over 40 years in the produc- 

tion of polyvinyl chloride (PVC), which in turn is the most widely 

used material in the manufacture of plastics. Production of vinyl 

chloride in the U.S. reached slightly over 5 billion pounds in 1977 

( U . S .  Int. Trade Corn, 1978). 

Vinyl chloride and polyvinyl chloride are used in the manufac- 

ture of numerous products in building and construction, the autono- 

tive industry, for electrical wire insulation and cables, piping, 

industrial and household equipment, packaging for food products, 

medical supplies, and are depended upon heavily by the rubber, 

paper and glass industries (Maltoni, 1976a). e 

In the U.S. about 1500 workers were employed in monomer syn- 

thesis and an additional 5000 in polymerization operations (Falk, 

000545 



et al. 1974). AS many as 350,000 workers were estimated to be asso- 

ciated with fabricating plants (U.S. EPA, 1974). By 1976, it was 

estimated that worldwide nearly one million persons were associated 

with manufacturing goods derived from PVC (Maltoni, 1976a). 

Potential sources of population exposure to vinyl chloride are 

emissions from PVC fabricating plants, release of monomers from 

various plastic products, and emissions from the incineration of 

PVC products (U.S. EPA, 1975). 
XI. EXPOSURE -. 

A. Water 

Small amounts of vinyl chloride may be present in public 

water supplies as a result of industrial waste water discharges. 

The levels of vinyl chloride in effluents vary considerably de- 

pending on the extent of in-plant treatment of waste water. Vinyl 

chloride in samples of waste water from seven areas ranged from 

0.05 ppm to 20 ppm, typical levels being 2-3 ppm (U.S. EPA, 1974). 

The low solubility and high volatility of vinyl chloride tend to 

limit the amounts found in water; however, the presence of certain 

salts may increase the solubility and therefore could create situa- 

tions of concern (U.S. EPA, 1975). 

Polyvinyl chloride pipe used in water distribution sys- 

tems provides another source of low levels of vinyl chloride in 

drinking water. In a study by the U . S .  EPA of five water distribu- 

tion systems which used PVC pipes, water from the newest, longest 

pipe system had the highest vinyl chloride concentration (1.4 ug/l) 

while the two oldest systems only had traces of vinyl chloridee(0.3 

pg/l and 0.6 pg/1) (Dressman and McFarren, 1978). The National 
. .  . . .  . .  - .  - .  . .  . .  .. . .  . . .  - . -.. . . ~  . . .  
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S c i e n c e  Founda t ion  (NSF) has  adopted' a v o l u n t a r y  s t a n d a r d  of 10 

or less o f  r e s i d u a l  monomer i n  f i n i s h e d  p i p e  and- f i t t i n g s .  T h r e e  

times a y e a r  NSF samples water s u p p l i e s  i n  S e v e r a l  c i t i es .  I n  

1977, more t h a n  95 p e r c e n t  of t h e  samples conformed t o  t h e  $ t a n -  

dard ;  however, l e v e l s  o f  5.6 yg/l and 0.27 pg/1 v i n y l  ch lor ide  have 

been detected i n  a t  l ea s t  t w o  ci t ies.  

B. Food 

Small q u a n t i t i e s  of v i n y l  c h l o r i d e  are i n g e s t e d  by humans 

when the  e n t r a i n e d  monomer m i g r a t e s  i n t o  foods packaged i n  PVC 

wrzpp ings  and c o n t a i n e r s .  The  s o l u b i l i t y  of v i n y l  ch lor ide  i n  

foods pzckaged i n  water is low ( 0 . 1 1  p e r c e n t ) ;  however, t h e  monomer 

is so lub le  i n  a l c o h o l s  and m i n e r a l  o i l .  I n  1973, t h e  U.S. T r e a s u r y  

Department banned t h e  u s e  of v i n y l  chlor ide polymers  for packag ing  

alcoholic S e v e r a g e s  ( f n t .  Agency R e s .  Cance r ,  1974). The FDA a n a l -  

yzed a number of PVC packaged p r o d u c t s  i n  1974. The c o n c e n t r a t i o n s  

ranged  from " n o t  detectable" t o  9,000 ppb. 

The U.S. EPA (1979) h a s  estimated t h e  weighted  a v e r a g e  

b i o c o n c e n t r a t i o n  f a c t o r  of v i n y l  ch lo r ide  to  be 1 . 9  for t h e  e d i b l e  

p o r t i o n s  of fresh and s h e l l f i s h  consumed by Americans.  T h i s  es t i -  

mate was based on t n e  o c t a n o l / w a t e r  c o e f f i c i e n t  of vinyl chlor ide .  

C. I n h a l a t i o n  

I n h a l a t i o n  of v i n y l  chloride is t h e  p r i n c i p a l  r o u t e  oi 

e x p o s u r e  to  people working i n  or l i v i n g  n e a r  v i n y l  ch lo r ide  i n d u s -  

t:ies. Af t e r  1960, Dow C h e m i c a l  Co. w a s  s u c c e s s f u l  i n  r educ ing  ex- 

posures to  workers t o  a b o u t  25 ppm l e v e l ,  though l e v e l s  u p  to 500 

ppm s t i l l  occurred. I n h a l a t i o n  exposures .  d r a s t i c a l l y  dropped  after 

a p p r o p r i a t e  c o n t r o l s  were i n s t i t u t e d  following case reports of 

v i n y l  c h l o i i d e  induced angiosarcoma of t h e  liver i n  workers and PX- 

perimental a n i m a l s  (.U.S. ETA, 19791.' 



III. PHA~MCOKINETICS 

A. Absorption 

Vinyl chloride is rapidly absorbed through the lungs and 

enters the blood stream (Duprat, et al. 1977). 

B. Distribution 

The liver of rats accumulates the greatest percentage 

of vinyl chloride and/or metabolites of vinyl chloride 7 2  hours 

after' a single oral dose (Watanabe, et al. 1976). Ten minutes 

after, a, 5-minute inhalation exposure to vinyl chloride at 10,000 

ppm, the compound was found in the liver, bile duct, stomach, 

and kidney of .rats (Duprat, et al. 1977). Immediately after 

exposure by 5 

hours,, the percent incorporated as 14C/radioactivity per gram 

of tissue was highest for kidney (2.131, liver (1.86), and spleen 

( 0 . 7 3 ) .  Forty-eight hours after the beginning of exposure, labeled 

-l 

inhalation to 14C-vinyl chloride at 50 ppm for 

material could still be detected in these tissues. 

C. Metabolism 

Detoxification of vinyl chloride takes place primarily in 

the liver by oxidation to polar compounds which can be conjugated 

to glutathione and/or cysteine (Hefner, et al. 1975). These cova- 

lently bond metabolites are then excreted in the urine. 

Vinyl chloride is metabolized extensively by rats in vivo 

and the metabolic pathways appear to be saturable. The postulated 

primary metabolic pathway involves alcohol dehydrogenase and, for 

rats, appears to be saturated by exposures to concentrations ex- 

ceeding 220 to 250 ppm. In rats exposed to higher concentratibns, 

metabolism of vinyl chloride is postulated to occur via a secondary 

-- 
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pathway involving epoxidation and/or peroxidation. Present data 

indicates that vinyl chloride is metabolized to an activated car- 

cinogen electrophile and. is capable of covalent reaction with 

nucleophilic groups or cellular macromolecules ( U . S .  EPA, 1979). 

There is ample evidence that the mixed function oxidase 

(-0) system may be involved in the metabolism of vinyl chloride. 

Rat liver microsomes catalyze the covalent binding of vinyl chlor- 

-. 
ide metabolites to protein and nucleic acids; chloroethylene 

oxide is thought to be the primary microsomal metabolite capable 

of alkylating these cellular macromolecules (Kappus, et al. 1975; 

1976; Laib and Bolt, 1977). Hathway (1977) reports in vitro 

depurination of calf thymus DNA by chloroacetaldehyde identical 

to that observed in hepatocyte DNA following the administration 

of vinyl chloride to rats in vitro. 

- -  

-- 

e D. Excretion 

Watanabe, et al. (1976) monitored the elimination of - 
vinyl chloride for 72 hours following a single oral dose adninis- 

tered to rats. The total 14C-activity recovered at each dose level 

ranged from 82-92 percent. At a dose level of 1 mg/kg, 2 percent 

was exhaled as vinyl chloride, 13 percent was exhaled as carbon 

dioxide, 59  percent was eliminated in the urine and 2 percent in 

the feces. Excretion of vinyl chloride at a dose level of 100 mg/kg 

was 66 percent exhaled as vinyl chloride, 2.5  percent as carbon 

dioxide, 11 percent in the urine and 0.5 percent in the feces. Ad- 

ministration by inhalation produ'ced almost the same results. 
0 Green and Hathway (1975) found that more than 96 percent 

of 250 )Ig 14C-vinyl chloride administered via intragastric, int:a- 

. .. .. , I 
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venous or intraperitoneal routes was excreted within 24 hours. The 

rats given vinyl chloride by the intragastric -route exhaled 3.7 

percent as vinyl chloride, 12.6 percent as C02; 71.5 percent 

of the labeled material was in the urine and 2 .8  percent in the 

feces. Intravenous injections resulted in 9.9 percent exhaled 

as vinyl chloride, 10.3 percent as C02; 41.5 percent in the urine 

and 1.6 percent in the feces. 

IV. EFFECTS 
-l 

A.  Carcinogenicity 

The carcinogenicity of vinyl chloride has been investi- 

gated in several animal studies. Viola, et al. (1971) induced skin 

epidermoid carcinomas, lung carcinomas or bone steochrondromas in 

24/25 male rats exposed to 30,000 ppm vinyl chloride intermittently 

for 12 months. Caputo, 

et al. (1974) observed carcinomas and sarcomas in all groups of 

male and female rats inhaling various concentrations of vinyl 

chloride except those exposed to 50 ppm. 

Tumors appeared between 10 and 11 months. 

Maltoni and Lefemine (1974a,b; 1975) reported on a 

series of experiments concerning the effects on rats, mice, and 

hamsters of inhalation exposure to vinyl chloride at concentra- 

tions ranging from 50 to 10,000 ppm for varying periods of time. 

The animals were observed for their entire lifetime. Angiosar- 

comas of the liver occurred in all three species, as well as 

tumors at several other sites. A differential response between b 

the sexes was not reported. 
Maltoni (1976b) observed four subcutaneous angiosar- 

comas, four zymbal gland carcinomas, and one nephroblastoma in 
. .  . .  . . -  . .  . . .  . .  . .  . .  . .  ...- . . - - - . ... ~ 
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66 offspring of rats exposed by inhalation 4 hours/day to 10,000 

or 6,000 ppm vinyl chloride from the 12th to 18th day of gesta- 

tion. Liver cngiosarcomas were also observed in rats administered 

vinyl chloride via stomach tube for 52 weeks. 

Recent experiments by Lee, et al. (1577) with rats 

and mice confirm the carcinogenicity of vinyl chloride. Each 

species was exposed to 50,250 or 1000 ppm vinyl chloride or 55 

ppm vinylene chloride 6 hr/day, 5 days/week for 1-12 months. 

After 12 months, bronchioalveolar adenomas, mammary gland tumors, 

and angiosarcomas in the liver and other sites developed in mice 

exposed to all-three dose levels of vinyl chloride. Rats exposed 

to 250 ppm or 100 ppm vinyl chloride developed angiosarcoma in 

the liver, lung ana other sites (Lee, et al. 1978). 

The primary effect associated with vinyl chloride expo- 

sure in man is an increased risk of cancer in several organs in- 

cluding angiosarcoma of the liver. Liver angiosarcoma is an ex- 

tremely rare liver cancer in humans, with.26 cases reported annual- 

ly in the U . S .  (Natl. Cancer Inst., 1975). Human data on the car- 

cinogenic effects of vinyl chloride have been obtained primarily 

from cases of occupational exposures of workers. The latent period 

has Seen estimated to be 15-20 years; however, recent case reports 

indicate a longer average latent period (Spirtas and Kaminski, 

1978). 

A number of epidemiological studies of vinyl chloride 

have been reported (U.S. EPA, 1979). Tabershaw/Cooper Associates 

(1974) found no increase in the overall mortality rate for v?nyl 

chloride workers nor significant increases in standard mortality 

I -- 
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.rates (SMR's) for malignant neoplasms. Reexamination of this 

data by Ott, et al. (1975) including more clearly defined expo- 

sure levels confirmed the previous findings: no increase over 

that expected for malignant neoplasms in the low exposure group 

(TWA 10-100 ppm vinyl chloride) and a non-significant increase 

in deaths due to malignant neoplasms in the high exposure group . 

(TWA, greater than 200 ppm). 

However, liver cancer death were twelve-fold, and brain 

cancer deaths were five-fold greater than,, that expected in a 

study by Wagoner (1974). Likewise, Monson, et al. (1974) found 

-. 

death due to cancer to be 50 percent higher than expected in 

vinyl chloride workers who died from 1947-1973, including a 900 

percent increase in cancers of the liver and biliary tract. 

In the most recent update of the NIOSH register, a total 

of 6 4  cases of hepatic angiosarcoma have been identified worldwide 

among vinyl chloride exposed industrial workers (Spirtas and Kamin- 

ski, 1978). Twenty-three of these cases were reported in the 

United States. Six cases were documented since 1975. 

B. Mutagenicity 

Vinyl chloride has been found to be mutagenic in a number 

of biological systems including: metabolically activated systems 

using Salmonella typhimurium; back mutation systems using 

Escherichia coli; forward mutation and gene coversion in yeast; and 

germ cells of Drosophila and Chinese hamster V79 cells (U.S. EPA, 

1979). 

The dominant lethal assay was used to test the mutaqeni- 

city of inhaled vinyl chloride in mice. Levels as high as 30,000 
- .  
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p2m (6 hours/day for 5 days) yielded negative results (Anderson, et 

al. 1976). 

Several investigators have observed a significantly 

higher incidence of chromosomal aberrations in the lymphocytes of 

workers chronically exposed to high levels of vinyl chloride 

(Ducatman, et al. 1975; Purchase, et al. 1975; Funes-Cravioto, et 

al. 1975). 

. C. Teratogenicity 
4 

Animal studies using mice, rats and rabbits, indicate 

that inhalation of vinyl chloride does not induce gross teratogenic 

abnormalities in offspring of mothers exposed 7 hours daily to con- 

centrations ranging from 50 to 2,500 ppm (John, et al. 1977); how- 

ever, excess occurrences of minor skeletal abnormalities were 

noted. Increased fetal death was noted at the higher exposure 

levels. These findings were confirmed by Radike, et al. (1977a) 

who exposed rats to '600-6,000 ppm vinyl chloride, 4 hours daily on 

the 9th to the 21st day of gestation. 

Further examination is needed of reported high rates of 

congenital defects in three, small communities in which vinyl chlor- 

ide polymerization plants are located (U.S. EPA, 1979). 

D. Other Reproductive Effects 

No effect on fertility in mice was noted in a dominant 

lethal assay conducted by Anderson, et al. (1976). 

E. Chronic Toxicity 

There are numerous clinical indications that chronic 

exposure to vinyl chloride is toxic to humans (U.S. EPA, 1979). 

Xepatitis-like changes, angioneurosis, Raynaud's syndrome, derina- 



titis, acroosteolysis, thyroid insufficiency, and hepatomegaly 

have been reported around the world. Other long term effects 

include functional disturbances of the central nervous system 

with adrenergic sensory polyneuritis (Smirnova and Granik, 1970); 

thrombocytopenia, splenomegaly, liver malfunction with fibrosis, 

pulmonary changes (Lange, et al. 1974); and alterations in serum 

enzyme levels (Makk, et al. 1976). 

-. F. Other Relevant Information 

Pretreatment of rats with pyrazole' (an alcohol dehydro- 

genose inhibitor) and ethanol inhibits the metabolism of vinyl 

chloride (Hefner, et al. 1975). This indicates the involvement 

of alcohol dehydrogenose in the metabolism of vinyl chloride. 

The chronic ingestion of alcohol was found to increase 

the incidence of liver tumors and tumors in other sites in in- 

dividuals exposed to vinyl chloride (Radike, 1977b). m Jaeger (1975) conducted experiments to determine the 

interaction between vinylidene chloride (1,l-DCE) and vinylchloride. 

In this experiment, the effects of $-hour exposures to 200 ppm 

of 1,l-DCE and 1,000 ppm vinyl chloride were less than if 1,l- 

DCE was given alone. 

V. AQUATIC TOXICITY 

A .  Pertinent information relevant to ,acute and chronic toxi- 

city, plant effects and residues for vinyl chloride were not found 

in the available literature. 

. 
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. V I .  EXISTING GUIDELINES AND STANDARDS , 

A. Human 

The c u r r e n t  f e d e r a l  OSHA s t a n d a r d  f o r  v i n y l  c h l o r i d e  is 1 

ppm (TWA) w i t h  a maximum of 5 ppm for a p e r i o d  o f  no l o n g e r  t h a n  15 

m i n u t e s  i n  1 day. (39 FR 35890 ( O c t .  4, 1979)). 

' I n  1974, a n o t i c e  t o  c a n c e l  r e g i s t r a t i o n s  of p e s t i c i d e  

s p r a y  p r o d u c t s  c o n t a i n i n g  v i n y l  c h l o r i d e  as a p r o p e l l a n t  was i s s u e d  

. 
' 

(39 FR 14753 ( A p r i l  26, 1974) 1 .  O t h e r  aerosol p roduc t s ,  such as  

hair  s p r a y ,  u t i l i z i n g  v i n y l  c h l o r i d e  as a p r o p e l l a n t  were banned 

from t h e  market i n  t h e  U.S. and o t h e r  c o u n t r i e s  ( I n t .  Agency Res. 

C a n c e r ,  1974). . The U.S. EPA proposed  i n  1975 and 1976 an  e m i s s i o n  

s t a n d a r d  of 1 0  ppm v i n y l  c h l o r i d e  a t  t h e  stack f o r  i n d u s t r y .  

The d r a f t  ambien t  water q u a l i t y  c r i t e r i o n  f o r  v i n y l  

c h l o r i d e  h a s  been set t o  r e d u c e  t h e  human l i fe t ime c a n c e r  r i s k  

l e v e l  to lo", and (U.S. EPA, 1979). The c o r r e s p o n d i n g  

c r i t e r i a  are 517 p g / l ,  51.7 p g / l  and 5.17 pg/l, r e s p e c t i v e l y .  The 

da ta  base from which t h i s  c r i t e r i o n  h a s  been d e r i v e d  is c u r r e n t l y  

b e i n g  rev iewed,  t h e r e f o r e ,  t h i s  c r i t e r i a  t o  p r o t e c t  human h e a l t h  

may change .  

B. A q u a t i c  

F r e s h  or s a l t  water c r i t e r i a  c o u l d  n o t  be d e r i v e d  because 

of i n s u f f i c i e n t  d a t a  (U.S. EPA, 1979). 

. 

:* , 

. .  : .  
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DISCLAIMER 

T h i s  r e p o r t  r e p r e s e n t s  a s u r v e y  of t h e  p o t e n t i a l  h e a l t h  
and environme'ntal  h a z a r d s  from exposure  t o  t h e  s u b j e c t  chemi- 
ca l .  The i n f o r m a t i o n  c o n t a i n e d  i n  t h e  r e p o r t  i s  drawn c h i e f l y  
from secondary  s o u r c e s  and a v a i l a b l e  r e f e r e n c e  documents. 
Because of t h e  l i m i t a t i o n s  of such  sources, t h i s  sho r t  p r o f i l e  
may n o t  ref lect  a l l  a v a i l a b l e  i n f o r m a t i o n  i n c l u d i n g  a l l  t h e  
a d v e r s e  h e a l t h  and envi ronmenta l  impacts  p re sen ted  by t h e  
s u b j e c t  chemical. T h i s  document has  undergone s c r u t i n y  t o  
e n s u r e  i ts  t e c h n i c a l  accuracy.  
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004329 
2-CELOROETHYL V I N Y L  ETHER 

SUmARY 

V e r y  l i t t l e  infoxmarion is awzilable  f o r  2-chloroethyl  vinyl ether.  It 

appears t o  be r e l a t i v e l y  s t a b l e  except  under acidic condi t ions.  

p o t e n t i a l  for bioconcentrat lon of t h e  compound in exposed organisms. 

Sure data w e r e  available, although 2-chloroethyl v i n y l  e the r  has been i d k t i f i e d  

in i n d u s t r i a l  e f f l u e n t  discharges.  

There is some 

No expo- 

The acute t o x i c i t y  of 2-chloroethyl  vinyl e the r  is r e l a t i v e l y  low: o r a l  

LDs0: 250 mg/kg; dennal LD50 3.2 mL/kg; LCm: 250 ppm (4 krs). Eye irrita- 

t i o n  has been reported following exposure t o  2-chloroethyl v i n y l  e ther .  

o the r  data on hea l th  effects w e r e  available, 
No 

Z-Chloroethyl vinyl e the r  ( C l T T O C E = C ? ;  molecular we-Aht 106.55) is a 

l i q u i d  having t h e  follovfng physical/chemical p rope r t i e s  (Windholz, 1976; W e a s t ,  

1972; U.S. EPA, 1979~): 

Boiling poin t  (760 mm Hg): 109OC 
Melting point :  -7 0' C 

Density: I .O47S2O 
Solu b f l i t  y : Soluble in water t o  the  ex ten t  

of 6g/L; very so luble  in 
alcohol and e t h e r  

The compound f i n d s  use  in the  manufacture of anes the t i c s ,  seda t ives ,  and 

c e l l u l o s e  e the r s  (Windhob, 1976). 
A r e v i e w  of the production range ( i n d u d e s  importation) statistics for 2- 

chloroe thyl  v iny l  ether (CAS No. 110-75-8) wbich is listed in t h e  initial TSCA 
inventory (1979a) has shown that none of t h i s  chemical. was produced or imported 

in 1977*. 

*This production range information does n o t  include any product iodimpor ta t ion  
d a t a  claimed as  conf ident ia l  by the p e r s o n b )  repor t ing  f o r  t he  TSCA Inventory,  
nor does it include any information which would compromise conf iden t i a l  business 

. information. The d a t a  submitted f o r  the-TSCA- Inventory, including-product ion - - 

range in fomat ion ,  are subject  t o  the l i m i t a t i o n s  contained in t h e  Inventory 
Reporting Regulations (4OCFR710). 



11. .EXPOSURE 

A. Environmental Rate 

The B-chloroalkyl e the r s  have been shown t o  be qu i t e  s t a b l e  t o  hydro lys is  

Ad t o  p e r s i s t  f o r  extended periods without biodegradation (U.S .  EPA, 197%). 

2-Chloroethyl e thy l  e the r  ( a  B-chloroalkyl o ther )  is s t a b l e  t o  sodium hydroxide 

so lu t ions  but w i l l  undergo hydrolysis  in t h e  presence of d i l u t e  acids t o  acet- 
aldehyde an6 2-chloroethanol (Windholz 1976). 

may be inadequate t o  s u f f i c i e n t l y  remove t h e  Behloroa lkyl  e t h e r s  once p r e s e n t  

in water suppl ies  (U.S. EPA 1979b; U.S. EPA 1975). 

Conventional t r e a t m e n t  systems 

B. Bioconcentration 
.... 

A ca lcu la ted  bioconcentration f a c t o r  of 34.2 (U.S. EPA, 1979b) po in t s  t o  

some p o t e n t i a l  f o r  2-chloroethyl  v i n y l  e the r  accumulation in exposed organisms. 

C . Environmental Occurrence, 

There is no s p e c i f i c  information a v a i l a b l e  on general  population expomre  

The compound has been i d e n t i f i e d  three times in t o  2 4 i l o r o e t h y l  v inyl  e ther .  

t h e  w a t e r  of Louisv i l le ,  Kentucky (3/74): twice i n  e f f luent  

f ac tu r ing  p l a n t s  and once in t h e  e f f luen t  from a latex p lan t  (U.S. PA-1976) .  
concent ra t ion  l e v e l s  were given. 

No 

N I O S H ,  u t i l i z i n g  d a t a  from t h e  Nat ional  Occupational Hazards Sumey 

( N O S  1977) has compiled a l i s t i n g  summarizing occupational exposure t o  2- 

ch loroe thyl  v i n y l  e the r  (Table 1). 

are exposed annual ly  t o  the compound. 

v i d u a l s  is g r e a t e s t  f o r  t h e  following areas: 

sale t rade ;  l e a t h e r ,  rubber and p l a s t i c ,  and chemical products. 

As shown, NIOSH estimates 23,473 people 

The number of p o t e n t i a l l y  exposed indi-  

fabr ica ted  metal products;  whole- 

111. PHARMACOKINETICS 

Vinyl e t h e r s  r e a d i l y  undergo acid catalysed hydrolysis  t o  g ive  a lcohols  and 

aldehydes,  e.g., 2-chloroethyl  v i n y l  e t h e r  i s  hydrolyzed t o  2-chloroethanol and 

acetaldehyde (Salomaa e t  al. 1966). 



0 
a 
a2 
&J PROJECTED NUMBERS BY INDUSTRY 

SIC 
CODE 

2 5  
28  
30 
-3 1 
34 
3 5  
3 6  
37 
38 
3 9  
50  
73  

... . . _  

._ . 

TOTAL 

TABLE 1 

HAZARD DESCRIPTION 

84673 Chlo roe thy l  Vinyl  E t h e r ,  2-  

F u r n i t u r e  and f i x t u r e s  
Chemicals  and d l l i e d  p r o d u c t s  
Rubber and p l a s t i c  product  e 
Leather  and l e a t h e r  p r o d u c t s  
F a b r i c a t e d  metal p r o d u c t s  
Mach i n  e r y  , except  electrical  
E l e c t r i c a l  equipment and s u p p l i e s  
T r a n s p o r t a t i o n  equipment 
Ins t rumen t s  and r e l a t e d  p r o d u c t s  
Misce l laneous  manufac tur ing  i n d u s t  ries 
Wholesale  t r a d e  
Misce l l aneous  b u s i n e s s  services 

-- .__ ._ - . - 
. .  

ESTIMATED 
PLANTS 

193 
103 
8 9  
4 5  
61 
3 5  
54  
92 
2 4  

119  
1 , 2 3 9  - 5 

2 , 0 5 9  

. 

ESTIMATED 
PEOPLE 

920  
1 , 6 8 3  
1 , 6 6 9  
2 , 2 7 9  
9 , 1 4 9  

3 5  
432 
553 
2 99  
2 4 0  

6 , 1 9 4  
2 0  

23 ,473  

- 

ESTIMATED 
EXPOSURES 

920 
1 , 6 8 3  
1 , 6 6 9  
2 , 2 7 9  
9 , 1 4 9  

35  
432 
553 
2 99  
2 4 0  

6 , 1 9 4  
2 0  

2 3 , 4 7 3  
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IV. HEALTH EFFECTS 

A. Mutagenicity 

Although no information on t h e  mutagenicity of 2 -ch lo roe thy lv iny l  e the r  w a s  

ava i l ab le ,  i ts hydrolysis  product, 2-chloroethano1, has been shown t o  be m u t a -  

genic  in Salmonella typhimurium TA 1535 (&mug et  al. 1976), TU00 and TA98 

(McCann e t  al. 1976), as well as Klebs ie l la  pneumonia (Voogd et a l .  1972). 

B. Other Toxici ty  

Very l i t t l e  tox ico logica l  d a t a  f o r  f < h l o r o e t h y l v i n y l  e the r  is avai lable .  

The o r a l  LD50 f o r  2-chloroethyl v i n y l  e the r  in rats is  250 mg/kg (U.S. EPA, 1975, 

P a t t y  1963). Dermal exposure t o  t h e  shaven skin of r a b b i t s  f o r  24 hours r e su l t ed  

in an LD50 of 3.2 mL/kg (U.S. EPA, 1976). The acu te  inha la t ion  t o x i c i t y  of 

2-chloroethyl  v iny l  e ther  in r a t s  was determined following s i n g l e  four-hour 

exposures. The lowest lethal concentrat ion w a s  250 ppm (U.S. EPA, 1975). I n  a 

similar inha la t ion  study, 1/6 rats exposed by inha la t ion  t o  500 ppm died during 

t h e  1 4 4 a y  observat ion period (U .S .  EPA, 1975). 

P r i m a r y  skin i r r i t a t i o n  and eye i r r i t a t i o n  s tud ie s  have a l s o  been conducted 

Dermal exposure t o  undi luted 2-c:hloroethyl v i n y l  f o r  2-chloroethyl  v i n y l  ether. 

e the r  did not  cause even s l i g h t  erythema. 

ch loroe thyl  v iny l  e ther  t o  the  eyes of r a b b i t s  resu l ted  in severe eye in ju ry  

Application of 0.5 mL undiluted 2- 

(U.S. EPA, 1975). 

V. AQUATIC TOXICITY 

A. Acute 

The ad jus ted  96-hour LCs0 f o r  blue g i l l  exposure t o  2 -ch lo roe thy lv inp l  

e the r  is 194,000 ug/L (U.S. EPA, 1979b). 

f a c t o r  (3.9), a F i n a l  Fish Acute Value of  50,000 ug/L is obtained (Table 1). 

There is no d a t a  on i nve r t eb ra t e  o r  p lan t  exposure. 

Dividing by the  spec ies  s e n s i t i v i t y  

No guide l ines  w e r e  located.  
. .  
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Table2. Freshwater f i s h  acute values (U.S. EPA, 1979b) 

Organism 

Adjusted 

Chemical Time LCso Lc5 
Bioassay Test 
Method Cone.** Description (hrs) ' (uq/L) (ug9L) - 

Blueg i l l ,  
Lepomis macrochinas 

s U 2-chloroethyl 96. 354,000 194,000 
v i a p l  ether 

* S - static 
** U-unmeasured 

Geometric m e a n  of adjusted values: 2-chloroethyl vinyl ether = 194,000 ug/L 

194*000 = 50,000 ug/L 
3 .9  
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DISCLAIMER 

T h i s  report  r e p r e s e n t s  a s u r v e y  of t h e  p o t e n t i a l  h e a l t h  
and  e n v i r o n m e n t a l  h a z a r d s  f rom e x p o s u r e  t o  t h e  s u b j e c t  chemi-  
ca l .  The i n f o r m a t i o n  c o n t a i n e d  i n  t h e  r e p o r t  i s  drawn c h i e f l y  
f rom s e c o n d a r y  s o u r c e s  and ava i lab le  r e f e r e n c e  documents .  
Because  of t h e  l i m i t a t i o n s  of s u c h  sources, t h i s  s h o r t  p r o f i l e  
may n o t  r e f l e c t  a l l  a v a i l a b l e  i n f o m a t i o n  i n c l u d i n g  a l l  t h e  
a d v e r s e  h e a l t h  and e n v i r o n m e n t a l  i m p a c t s  p r e s e n t e d  by t h e  
s u b j e c t  chemical. T h i s  document has undergone  s c r u t i n y  t o  
e n s u r e  i ts  t e c h n i c a l  a c c u r a c y .  



SPECIAL NOTATION 

U.S. EPA's Carcinogen Assessment Group (CAG) has evaluated 

chloroform and has found s u f f i c i e n t  evidence to i n d i c a t e  

t h a t  t h i s  compound is carc inogenic .  



CNLORUFORM 

SUMMARY 

Chloroform has been found to induce hepatocellular 

carcinomas in mice and kidney epithelial tumors in rats. 

Hepatomas have also been induced in mice, but’ necrosis may 

be a prerequisite to tumor formation. Bacterial assays 

involving chloroform have yielded no mutagenic effects. 

Chloroform has produced teratogenic effects when administered 

to pregnant .rats. 

Reported 96-hour LC50 values for two common freshwater 

fish range from 43,800 to 115,000 pg/l in static tests. 

A 48-hour static test with D z h n i a  magna yi.elded an LCs0 - -- 
of 28,900 pg/l. 

pink shrimp is 81,500 pg/l. 

the chronic value was 2,546 pg/l for U c h n i a  magna. Per- 

tinent information on chloroform toxicity to plants could 

not be located in the available literature. In the only 

residue study reported, the bluegill concentrated chloroform 

six times after a 14-day exposure. The tissue half-life 

was less than one day suggesting that residues of chloroform 

The observed 96-hour LCs0 for the saltwater 

In a life cycle chronic test, 

- -- - 

1 

would not be an environmental hazard to aquatic life. 

. 



CHLOROFORM 

I. INTRODUCTION 

This profile is based on the Ambient Water Quality 

.Criteria Document for Chloroform ( U . S .  EPA, 1979a). 

Chloroform (CHC13; molecular weight 119.39) is a clear, 

colorless liquid with a pleasant, etheric, non-irritating 

odor and taste (Hardie, 1964; Windholz, 1976). It has the 

following physical/chernical properties (Hardie, 1964; Irish, 

1972; Windholz, 1976) : 

Boiling Point: 61-62zC 
Melting Point: -63.5 C 
Flash Point: none (none-flammakle) 
Solubility: Water - 7.42 x 10 pg/l at 2SoC 

Miscible with alcohol, benzene, 
ether, petroleum ether, carbon 

' tetrachloride, carbon disulfide, 
and oils. 

Vapor Pressure: 200 mm Hg at 25OC 

Current Production: 1.2 x 10 5 metric tons/year (U.S. 

EPA, 1978a). 

e Chloroform is currently used either as a solvent or 

as an intermediate in the production of refrigerants (prin- 

cipleus) , plastics, and pharmaceuticals (U.S .  EPA, 1975).. 

Chloroform is relatively stable under normal environ- 

mental conditions. When exposed to sunlight, it decomposes 

slowly in air but is relatively stable in water. The mea-, 

sured half-life for hydrolyis was found to be 15 months 

(Natl. Acad. Sci., 1978a). Degradation in water can occur 

in the presence of metals and is accelerated by aeration . 
(Hardie, 1964). 

4 7 4  
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For additional information regarding halomethanes as 

a class the reader is referred to the Hazard Profile-on 

halomethanes (U.S. EPA, 1979b). 

11. EXPOSURE 

Chloroform appears to be ubiquitous in the environment. 

A major source of chloroform contamination is from the chlor- 

ination of water and wastewater ( U . S .  EPA, 1975; *Bellar, 

et al., 1974). Industrial spills may occasionally be a 

pulse source of transient high level contamination (Nat. 

Acad. Sci., 1978a: Neely, et al., 1976; Brass and Thomas, 

1978). 

Based on available monitoring data including informa- 

tion from the National Organics Monitoring Survey (NOMS), 

the U.S .  EPA (1978b) has estimated the uptake of chloroform 

by adult humans from air, water, and food: 

-I 

Source Aault Percent 
mg/yr uptake 

Maximum Conditions 
Atmosphere 20 4 
Water 34 3 
Food Supply 16 

36 
61 
3 - 

Tot a-- 56 3 l a m -  

Atmosphere 
Water 
Food Supply 

Minimum Conditions 
0.41 13 
0.73 23 
2.00 64 

Total - 3.14 imo 

Mean Conditions 
Atmosphere 20.0 22 
Water 64.0 69 
Food Supply 9.00 10 

b 

I 



' .I ,* i 

A similar estimate, not using NOMS data, has been made by 

the National Academy of Sciences (Nat. Acad. Sci., 19-78a). 

a$ ,. - 

The U . S .  EPA (1379a) has estimated the bioconcentration 

factor for chloroform to be 14 for the edible portions of 

fish and shellfish consumed by Americans, This estimate- 

is based on measured steady-state bioconcentration studies 

in bluegills. 

111. PHARMACOKINETICS 

A. Absorption 

The efficiency of chloroform absorption by the 

gastrointest-inal tract is virtually 100 percent in humans 

(Fry, et al., 1972). The corresponding value by inhalation 

is 49 to 77 percent (Lehmann and Hassegawa, 1910). Quantita- 

tive estimates of dermal absorption efficiency were not 

encountered. Since chloroform was used as an anesthetic 

via dermal administration, some dermal absorption by humans 

can be assumed (U.S. EPA, 1979a). 

B. Distribution 

Chlorofqrm is transported to all mammalian body 

organs and is also transported across the placenta. Strain 

differences for chloroform distribution in mice have been 

documented by Vessel1,'et ale, (1976). 

C. Metabolism 

Most absorbed chloroform is not metabolized by 

mammals. Toxication, rather than detoxication, appears 

to be the major consequence of metabolism and probably involves 

mixed-function oxidase (MFO) enzyme systems. This observa- 



tion is based on enhancement of chloroform toxicity by MFO 

inducers and the diminution of toxicity by MFO inhibltors 

(Ilett, et al., 1973, McLean, 1970). At least in the liver, 

covalent binding of a metabolite to tissue is associated 

with tissue damage (Lavigne and Marchand, 1974). Limited 

- 

human data (two people) suggest that about 50 percent of 

absorbed chloroform is metabolized to C02 (Fry, et al., 

1972; Chiou, 1975). 

D. Excretion 

In humans, the half-life of chloroform in the , 

blood and expired air is 1.5 hours (Chiou, 1975). Most 

unchanged chloroform and C02 generated from chloroform are 

eliminated via the lungs. Chlorine generated from chloroform 

metabolism is eliminated via the urine (Taylor, et al. , 
1974; Fry, et al., 1972). 

IV. EFFECTS 

A. Carcinogenicity 

Eschenbrenner and Miller (1945) demonstrated that 

oral doses of chloroform administered over a 16-month period 

induced hepatomas in strain - A mice. . Based on variations 

in dosing schedules, these researchers concluded that necro- 

sis was prerequisite to tumor induction. 

In the National Cancer Institute bioassay of chloro- 

form (NCI, 19761, hepatocellular carcinomas were induced 

in mice (Table 1) and kidney epithelial tumors were induced 

in male rats (Table 2) following oral doses over extended 

periods of _time. - . -  . 



Ten epidemiologic studies have been conducted 

, on the association of human exposure to chloroform arTd/or 

other trihalomethanes with cancer. A review of these studies 

by the National Academy of Sciences (NAS, 1978b) indicated 

that these studies suggest that higher concentrations of 

- 

trihalomethanes in drinking water may be associated with 

an increased frequency of cancer of the bladder. One of 

these studies (McCabe, 1975) claimed to demonstrate a statis- 

tically significant correlation between age, sex, race, 

adjusted death rate for total cancer, and chloroform levels. 

B. Mutagenicity .._.. 

Chloroform yielded negative results in the Ames 

assay (Simon, et al. 1977). 

C. Teratogenicity 

At oral dose levels causing signs of maternal 

toxicity, chloroform had fetotoxic effects on rabbits (100 

mg/kg/day) and rats (316 mg/kg/day) (Thompson, et al., 1974). 

Fetal abnormalities (acaudia, imperforate anus, subcutaneous 

edema, missing ribs, and delayed ossification) were induced 

when pregnant rats were exposed to airborne chloroform at 

489 and 1,466 mg/m , 7 hrs/day, on days 6 to 15 of gestation. 
At 147 mg/m , the only effects were significant increases 
in delayed skull ossification and wavy ribs (Schwetz, et 

3 

3 

.al., 1974). 

.. . .  
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Table 1. Hepatocellular Carcinoma Incidence in Micea 

H i c r h  -------_I- 

Controls Low 

Male 
Co+;ny e g h e d  Dose Dose 

138 mg/kg I ' m  277 mg/kg 44/75 - 

Female 1/80 0/20 238 mg/kg 36/45 477 mg/kg 39/41 
(1%) , (0%) (ad% ) . (95%) 

Table 2. Statistically Significant Tumor Incidence in Ratsa 

Controls Low High 
Dose Dose - C o l o z  Matched - 

Kidney 0/99 0/19 90 mg/kg 4/50 180/mg/kg 12/50 

epi thelia1 ( 8 % )  (24%) 

tumors/animals , 

P value 0.0000 0.0016 
--- 

aSource: National Cancer Institute, 1976. 

D. Other Reproductive Effects 

Pertinent data could not be located in the avail- 

able literature. 

E. Chronic Toxicity 

The NIOSH Criteria Document (1974) tabulates data 

on the effect of chronic chloroform exposure in humans. 

The primary target organs appear to be the liver and kidneys, 

with some signs of neurological disorders. These effects 

have been documented only- with -occupational exposures. 
- 

- -  



With the exception of the possible relationship to cancer 

(Section IV.A), chronic toxic effects in humans, attribut- 

able to ambient. levels of chloroform, have not been documented. 

The chronic effects of chloroform in experimental 

mammals is'similar to the effects seen in humans: liver 

necrosis'and kidney degeneration (Torkelson., et al., 1976; 

U.S. EPA, 1979a). 

E'. Other Relevant Information 

Ethanol pretreatment of mice reportedly enhances 

the toxic effects of chloroform on the liver (Kutob and 

Plaa, 1961); as 'does high fat and low protein diets (Van 

Oettingen, 1964; McLean, 1970). These data were generated 

using experimental mammals. 

V. AQUATIC TOXICITY 

A. Acute Toxicity 

Bentley, et al. (1975) observed the 96-hour LCso 

values for rainbow troct, (Salmo - gairdneri), of 43,800 and 
66,800 pg/l and for bluegills (Lepomis macrochirus), 100,000 

to 115,000 pg/l, all in static tests. A 48-hour static 

test with Daphnia magna resulted in an LCSO.of 28,900 pg/l 

(U.S. EPA 1979a). The observed 96-hour LCsO for the pink 

shrimp (Panaeus duorarum) is 81,500 )Ig/l. (Bentley, et 

al.,' 1975). 

B. Chronic Toxicity 

The chronic effects of chloroform on Daphnia magna 

were determined using flow-through methods with measured 

concentrations. The chronic effect level was 2,546 pg/1 

(U.S. EPA, 1979a). No other chronic data were available. 

. . .  . . .  .. 
, I  
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C. Plant Effects 

Pertinent information could not be located-in 

the available literature concerning acute chronic toxicity 

of chloroform to plants. 

D. Residues 

In the only residue study reported, the bluegill 

(Lepomis macrochirus) bioconcentrated chloroform six times 

after a 14-day exposure (U.S. EPA, 1979a). The tissue half- 

life was less than one day. 

VI. EXISTING GUIDELINES AND STANDARDS 

- 

a 

Both'the human health and aquatic criteria derived 

by U.S. EPA (1979a1, which are summarized below, are being 

reviewed; therefore, there is a possibility that these crite- 

ria may be changed. 

. A. Human 

Based on the NCI mice data, and using the "one- 

hit" model, the EPA (1979a) has estimated levels of chloro- 

form in ambient water which will result in specified risk 

levels of human cancer: 

~ 

Risk Levels and Corresponding Criteria 

0 
- E s o s u r  e Assumption - --(peray) - 

-- - 1U6 - - 

2 liters of drinking 0 0.021 pg/l 0.21 )lg/l 2-1 p9/1 water and consumption 
of 18.7 grams fish and 
shellfish. 

Consumption of fish 
shellfish only. 



T h e  above  r i s k s  assume t h a t  d r i n k i n g  water t r e a t m e n t  

and  d i s t r i b u t i o n  w i l l  h a v e  no i m p a c t  o n  t h e  c h l o r o f o r m  con- 

c e n t r a  t i o n .  

The NIOSH t ime-we igh ted  a v e r a g e  e x p o s u r e  c r i t e r i o n  
3 f o r  c h l o r o f o r m  is 2 ppm or 9 .8  mg/m . 

The FDA p r o h i b i t s  t h e  u s e  of c h l o r o f o r m  'in d r u g s ,  cos- 

metics, or f o o d  contact material  (14 FR 15026 ,  15029  April 

9 ,  1 9 7 6 ) .  

R e f e r  to t h e  Halomethane  Hazard P r o f i l e  f o r  d i s c u s s i o n  

o f  c r i t e r i o n  d e r i v a t i o n  (U.S. EPA, 1 9 7 9 b ) .  

B. A q u a t i c  

For c h l o r o f o r m ,  t h e  d r a f t  c r i t e r i o n  t o  p ro tec t  

f r e s h w a t e r  a q u a t i c  l i f e ,  b a s e d  on c h r o n i c  i n v e r t e b r a t e  t o x i -  

c i t y ,  is 500 pg/l as  a -24-hour a v e r a g e  and  t h e  c o n c e n t r a t i o n  

, s h o u l d  n o t  (based o n  a c u t e  e f f e c t s )  e x c e e d  1 , 2 0 0  pg/1 a t  - 
a n y  time (U.S. EPA, 1 9 7 9 a ) .  To  p r o t e c t  sa l twater  a q u a t i c  

l i f e ,  t h e  c o n c e n t r a t i o n  o f  c h l o r o f o r m  s h o u l d  n o t  e x c e e d  

620 p g / l  a s  a 24-hour a v e r a g e  and  t h e  c o n c e n t r a t i o n  s h o u l d  

n o t  e x c e e d  1 , 4 0 0  Pg/l  a t  a n y t i m e  (U.S. EPA, 1 9 7 9 a ) .  T h e s e  

were c a l c u l a t e d  f rom a n  e x p e r i m e n t  on a m a r i n e  i n v e r t e b r a t e .  
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CHLOROMETHANE 

SUr4MARY 

Chloromethane is toxic to humans by its action on the 

central nervous system. In acute toxicity, symptoms consist 

of blurring vision, headache, vertigo, loss of coordination, 

slurring of speech, staggering, mental confusion, nausea, 

and vomiting. 

teratogenicity, or carcinogenicity. 

mutagenic to the bacteria, Salmonella typhimurium. 

4 
Information is not available on chronic toxicity, 

Chloromethane is highly 

Only three toxicity tests have been conducted on three 

species of fish yielding acute values ranging from 147,000 

to 300,000 pg/l. Tests on aquatic invertebrates. or plants 

have not been conducted. 



CHLOROMETHANE 

' I. INTRODUCTION 

This profile is based on the Ambient Water Qua ity 

Criteria Document for Halomethanes (U.S. EPA, 1979a). 

Chloromethane (CH3C1; methyl chloride: molecular weight 

50.49) is a colorless, flammable, almost odorless gas at 

room temperature and pressure (Windholz, 1976). Chloromethane 

has a melting point of -97.7OC, a boiling point of -24,2OC, 

a specific gravity of 0.973 g/ml at -lO°C, and a water solubi- 

lity of 5.38 x 10 pg/l. It is used as a refrigerant, 

a methylating agent, a dewaxing agent, and catalytic solvent 

in synthetic rubber production (MacDonald, 1964). However, 

-7 

6 

its primary use is as a chemical intermediate (Natl. Acad. 

Sci., 1978). Chlor.omethane is released to the environment 

by manufacturing ana use emissions, by synthesis during 

chlorination of drinking water and municipal sewage, and 

by natural synthesis, with the oceans as the primary site 

(Lovelock, 1975). For additional information regarding 

the halomethanes as a class, the reader is referred to the 

Hazard Pr'ofile on Halomethanes ( U . S .  EPA, 1979b). 

11. EXPOSURE 

A. Water 

The U.'S.  EPA (1975) has identified chloromethane 

qualitatively in finished drinking waters in the U.S. How- 

ever, there are no data on its concentration in drinking 

water, raw water, or waste-water ( U . S .  EPA, 1979a), probably' 

because it is more reactive than other chlorinated methanes 

-(Natl. Acad. Sci., 1978). 

z .  
I .  -- 
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B. Food 

There is no information on the presence of c-hloro- 

methane in food. 

chloromethane ( U . S .  EPA, 1979a). 

There is no bioconcentration factor for 

C. Inhalation 

Saltwater atmospheric background concentrations 

of chloromethane averaging about 0.0025 mg/m 3 have been 

reported (Grimsrud and Rasmussen, 1975; Singh, et al. 1977). 

This is higher than reported average continental background 

and urban levels and suggests that the oceans are a major 

source of global chloromethane (National Acad. Sci. , 1978). 
Localized sources, such as burning of tobacco or other com- 

bustion processes, may produce high indoor-air concentra- 

tions of chloromethane (up to 0.04 mg/m 3 ) (Natl. Acad. Sci., 

1978). 

indoor air, and is generally in concentrations two to ten 

times ambient background levels. 

111. PHARMACOKINETICS 

Chloromethane is the predominant halomethane in 

A. Absorption 

Chloromethane is absorbed readily via the lungs, 

Poisonings and to a less significant extent via the skin. 

involving gastrointestinal absorption have not been reported 

(Natl. Acad. Sci., 1977; Davis, et al., 1977). 

B. Distribution 

Uptake of chloromethane by the blood is rapid 

but results in only moderate blood levels with continued 
exposure. Signs .and path_ology. of intoxications ,suggest - - 

4 

. '. 1 , .  - . 



wide tissue (blood, nervous tissue, liver, and kidney) distri- a 
bution of absorbed chloromethane (Natl. Acad. Sci., 1978). 

C. Metabolisin 

Decomposition and sequestration of chloromethane 

result primarily by reaction with sulfhydryl groups in intra- 

cellular enzymes and proteins (Natl. Acad. Sci., 1977). 

IV, EFFECTS 

A. Carcinogenicity -1 

Pertinent information could not be located in 

the available literature. 

E. Mutagenicity 

S i m o n  and coworkers (1977) reported that chloro- 

methane was mutagenic to Salmonella tryphimurium strain 

TA 100 when assayed in a dessicator whose atmosphere contained 

the test compound. Metabolic activation was not required, 

and the number of revertants per plate was directly dose- 

related. Also, Andrews, et al. (1976) have demonstrated 

that chloromethane was mutagenic to S. typhimurium strain 

TA1535 in the presence and absence of added liver homogenate 

preparations. 

- 

C. Teratogenicity and Other Reproductive Effects 

. Information on positive evidence of teratogenisis 
or other reproductive effects was not available in the literature. 

D. Chronic Toxicity 

Under prolonged exposures to chloromethane (dura- 
* 

tion not specified) increased mucous flow and reduced mucosta- 



a 
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n o t e d  i n  ca t s  (Weissbecker, e t  a l . ,  1 9 7 1 ) .  

E.  O t h e r  R e l e v a n t  I n f o r m a t i o n  

‘ I n  a c u t e  human i n t o x i c a t i o n ,  c h l o r o m e t h a n e  pro- 

d u c e s  c e n t r a l  n e r v o u s  s y s t e m  d e p r e s s i o n ,  and  s y s t e m i c  p o i s o n -  

i n g  cases have a lso i n v o l v e d  h e p a t i c  and  r e n a l  i n j u r y  (Hansen,  

er a l . ,  1953; Spevac, e t  a l . ,  1 9 7 6 ) .  

V. AQUATIC TOXICITY 

A. Acute  T o x i c i t y  \ 

A s i n g l e  96-hour s ta t ic  renewal t e s t  s e r v e s  a s  

t h e  o n l y  a c u t e  s t u d y  for f r e s h w a t e r  p r o v i d i n g  a n  a d j u s t e d  

LCs0 v a l u e  of 550,000 p g / l  for t h e  b l u e g i l l  s u n f i s h  (Lepomis 

m a c r o c h i r u s )  . (Dawson, e t  a l . ,  1977) .  S t u d i e s  on f r e s h -  

water i n v e r t e b r a t e s  were n o t  found.  For t h e  m a r i n e  f i s h ,  

t h e  t i d e w a t e r  s i l v e r s i d e s  (b len id ia  b e r y l l i n a )  , a 96-hour 

s t a t i c  r e n e w a l  a s s a y e d  p r o v i d e d  an LCso v a l u e  of 270 ,000  

p g / l  (Dawson, e t  a l . ,  1977). Acute s t u d i e s  on m a r i n e  i n v e r t e -  

b r a t e s  were n o t  found.  

- 

B. C h r o n i c  T o x i c i t y  

I n  a r e v i e w  o f  t h e  a v a i l a b l e  l i t e r a t u r e ,  c h r o n i c  

t e s t i n g  w i t h  c h l o r o m e t h a n e  h a s  n o t  been  r e p o r t e d .  

C. P l a n t  E f f e c t s  

P e r t i n e n t  i n f o r m a t i o n  c o u l d  n o t  be located i n  t h e  

a v a i l a b l e  l i t e r a t u r e .  

.-. 

V I .  EXISTING GUIDELINES AND STANDARDS 

N e i t h e r  t h e  human nor  t h e  a q u a t i c  c r i t e r i a  d e r i v e d  

by U.S. EPA,_l979a ,  wh ich  a re  summarized below, have g m e  _ _  -~ -. 



through the process of public review; therefore, there is 

a possibly that these criteria may be changed. 

A. Human 

OSHA (1976) has established the maximum acceptable 

time-weighted average air concentrations for daily eight- 

hour occupational exposure at 210 mg/m . The'U.S. EPA (1979a) 

Draft Water Quality Criteria for Chloromethane is 2 pg/l. 

Refer to the Halomethanes Hazard Profile for discussion 

of criteria derivation (U.S. EPA, 1979b). .- 

3 

B. Aquatic 

Criterion recommended to protect freshwater or- 

ganisms have been drafted as 7,000 pg/l, not to exceed 16,000 

pg/l for a 24-hour average concentration. For marine life, 

the criterion has Deen drafted as 3,700 pg/l, not to exceed 

8,400 pg/ l  as a 24-hour average concentration. 

d - 00059% 
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DISCLAIMER 

T h i s  r e p o r t  r e p r e s e n t s  a s u r v e y  of t h e  p o t e n t i a l  heal th  
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Because of t h e  l i m i t a t i o n s  of such sources, t h i s  s h o r t  p r o f i l e  
may n o t  re f lec t  a l l  a v a i l a b l e  in fo rma t ion  i n c l u d i n g  a l l  t h e  
a d v e r s e  h e a l t h  and env i ronmen ta l  imgacts  p r e s e n t e d  by t h e  
s u b j e c t  chemical. T h i s  document has undergone s c r u t i n y  t o  

, 

e n s c r e  i t s  t e c h n i c a l  accu racy .  
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2-CHLORONAPHTHALENE 

SUMMARY 

Monochlorinated naphthalenes are relatively insoluble in 

water. 

to photochemical decomposition. Monochlorinated naphthalenes 

They can be slowly degraded by bacteria and are subject 

appear to bioconcentrate in plants and animals exposed to the 

substances. 2-Chloronaphthalene has been identified as a pol- 

lutant in a variety of industries. 

No information was located on the carcinogenicity, mutagen- 

icity, or teratogenicity of 2-chloronaphthalene or other mono- 

chlorinated naphthalenes. The metabolism of some chlorinated 

naphthalenes, however, proceeds through an epoxide mechanism. 1.f 

an epoxide is formed as an intermediate in the metabolism of 2- 

chloronaphthalene, it could react with cellular macromolecules 

possibly resulting in cytotoxicity, mutagenicity, oncogenicity, 

or other effects. 

I. INTRODUCTION 

This profile is based on the Ambient Water Quality Criteria 

Document for Chlorinated Naphthalenes (U.S. EPA, 1979b). 

2-Chloronaphthalene (C1&Cl; molecular weight 162) is a 

crystalline solid w i t h  a melting point of 61OC and a boiling 

point of 256OC. 

water and soluble in'many organic solvents (Weast; 1972 and 

Its density at 16.C is 1.27. 1 t . h  insoluble in 

- Hardie, 1964). . . .  . . .~ .. 



A review of the production range (includes imporiation) 

statistics for 2-chloronaphthalene (CAS. No. 91-58-7) which is 

listed in the inital TSCA Inventory (1979a) has shown that 

between 1,000 and 9,000 pounds of this chemical were 

produced/imported in 1977.*/ - 
Monochloronaphthalenes and mixtures of mono- and dichloro- 

naphthalenes have been used for chemical-resistant gauge fluids 

and instrument seals, as heat exchange fluids, high-boiling 

specialty solvents (e.g., for solution polymerization), color 

dispersions, engine crankcase additives to dissolve sludges and 

gums, and as ingredients in motor tuneup compounds. Monochloro- 

naphthalene was formerly used as a wood preservative (Dressler, 

1979). 

11. EXPOSURE 

A.  Environmental Fate 

Polychlorinated naphthalenes do not occur naturally in the 

environment. Potential environmental accumulation can occur 

around points of manufacture of the compounds or products 

containing them, near sites of disposal of polychorinated 

naphthalene-containing wastes, and, because polychlorinated 

- */ This production range information does not include any 
production/importation data claimed as confidential by the 
person(s) reporting for the TSCA inventory, nor does it , 
include any information which would compromise Confidential 
Business Information. The data submitted for the TSCA 
Inventory, including production range information, are subject 
to the limitations contained in the Inventory Reporting 
Regulations (40 CFR 710). 



biphenyls (PCBs) are to some extent contaminated,by polychlori- . 
nated naphthalenes (Vos et al. 1970: Bowes et al. 1975) near -- -- 

.sites of heavy PCB contamination. 

Because polychlorinated naphthalenes are relatively insol- 

uble in water, they are not expected to migrate far from their 

point of disposition. The use of mono- and dichlorinated naphtha- 

lenes as an engine oil additive and as a polymerization solvent 

in the fabric industry suggests possible contamination of soil or 

water. 

Walker and Wiltshire (1955) found that soil bacteria when 

first grown on naphthalene could also grow on l-chloronaph- 

thalene, producing a diol and chlorosalicylic acid. Canonica et 
- al. (1957) found similar results f o r  2-chloronaphthalene. Okey 

and Bogan (1965) studied the utilization of chlorinated sub- 

strates by activated sludge and found that naphthalene was 

degraded at a fairly rapid rate, while l-and 2-chloronaphthalenes 

were handled more slowly. 

Ruzo et al. (1975) studied the photodegradation of 2-chloro- -- 
naphthalene in methanol. The major reaction pathways seen were 

dechlorination and dimerization. Jaffe and Orchin (1966) indi- 

cated that any 2-chloronaphthalene present at the surface of 

water could be degraded by sunlight to naphthalene. In the 

aquatic environment, 2-chloronaphthalene can exist as a surface 

film, be adsorbed by sediments, or accumulated by biota. 

.. - - - . . . . . . - . -  . -  -~ . .  . . .  . .  . . .. .. . . . .. . . . 
- .  ~ - .  - . . .  . . .  
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B. Bioconcentration 

Monochlorinated naphthalenes appear to bfoconcentrate in the 

aquatic environment. Adult grass shrimp (Palaemonetes puuio) 

were exposed to a mixture of mono- and dichloro naphthalenes for 

15 days. 

shrimp was 63 times that of the experimental environment. When 

removed from the contaminated environment, however, the concen- 

tration in the shrimp returned to virtually zero within 5 days 

The concentration of chloronaphthalenes detected in the 

(Green and Neff, 1977). 

Erickson et al. (1978a) reported a higher relative biocon- 

centration of the lower chlorinated naphthalenes in the fruit of 

apple trees grown on contaminated soil. The soil was found to 

have a polychlorinated naphthalene level of 190 ug/kg of which 

1.6 ug/kg consisted of monochloronaphthalenes. While the apples 

grown on this soil had only 90 ug/kg of polychlorinated naphtha- 

lenes, the level of monochloronaphthalene was 62 ug/kg. 

C. Environmental Occurrence 

2-Chloronaphthalene has been identified as a pollutant in a 

variety of industries, e.g. organic chemical, rubber, power 

generation, and foundries (U.S. EPA, 1979~). 

Chlorinated naphthalenes have been found more consistently 

in air and soi l  samples than in associated rivers and streams 

(Erickson et al., 1978b). The air samples contained mainly the 

mono-, di- and trichlorinated naphthalenes, while soil contained 

mostly the tri-, tetra- and pentachlorinated derivatives. 

To date polychlorinated naphthalenes have not been identi- 

fied in either drinking water or market basket food. The Food 

, . . . .  and Drug Administration has had polychlorinated naphthalene 

000599 



monitoring capability for  foods since 1970, but has not reported 

their occurrence in food ( U . S .  EPA, 1975). 

111. PHARMACOKINETICS 

Ruzo -- et al. (1976b) reported the presence of 2-chloronaph- 

thalene in the brain, kidney, and liver of pigs six hours after 

injection. Small concentrations of 3-chloro-2-naphtho1, a 

metabolite , were seen in the kidney and liver with large amounts 
occurring in the urine and bile. The metabolism of some chlori-  

nated napthalenes proceeds through an epoxide mechanism (Ruzo et 
a l .  1975, 1976ab; Chu et al., 1977ab). - -- 

IV. HEALTH EFFECTS 

A. Teratogenicity, Mutagenicity, and Carcinogenicity 

No information was located on the carcinogenicity, muta- 

genicity, or teratogenicity of polychlorinated naphthalenes. 

If an epoxide is formed as an intermediate in the metabolism 

of 2-chloronaphthalene, it could react with cellular macromole- 

cules. Binding might occur with protein, RNA, and DNA resulting 

in possible cytotoxicity, mutagenicity, oncogenicity, or other 

effects (Garner, 1976: Heidelberger, 1973; W y n d h a m  and Safe, 

1978). 

B. Other Toxi ty  

In man, the first disease recognized as being associated 

with occupational exposure to higher polychlorinated naphthalenes 

was chloracne. Occurrence of this disease was associated with - 

the manufacture or use of polychloronaphthalene-treated electri- 

c&-cab-l-e s .-K1 einf e ld-et-al..-(-l9-72-)-not ed-tha t-wo rk e r.s-at -- 
+ale- 000600 . .  

i - .  
I . t  



an electric coil manufacturing plant had no cases of chloracne 

while using a mono- and dichloronaphthalene mixture. 'When a 

tetra-/pentachlorhated naphthalene mixture was substituted for 

the original mixture, 56 of the 59 potentially exposed workers 

developed chloracne within a "short" the. 

The lower chlorinated naphthalenes appear to have low acute 

toxicity. Mixtures of mono-/dichloronaphthalenes and tri-/tetra- 

chloronaphthalenes at 500 mg/g in a mineral oil suspension 

applied to the skin of the human ear caused no response over a 

30-day period. A mixture of penta-/hexachloronaphthalenes. given 

under the same conditions caused chloroacne (Shelley and Kliqman, 

1957). 

The oral LDSO for rats and mice is 2078 mg/kg and 886 mg/kg 

respectively (NIOSH, 1978). No mortality or illness was reported 

in rabbits given 500 mg/kg orally (Cornish and Block, 1958). 

V. AQUATIC EFFECTS 

The LCSO (ppb) of a mixture of 60% mono- and 40% dichloro- 

naphthalenes in grass shrimp (Palaemonetes puqio)is as follows: 

72-hr 96-hr 

post larval stage - 449 

adult 3 70 325 

(Green and Neff, 1977) 

VI. EXISTING GUIDELINES 

There are no existing guidelines for 2-chloronaphthalene. 
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DISCLAIMER 

T h i s  report r e p r e s e n t s  a s u r v e y  o f  t h e  po ten t i a l  h e a l t h  
and env i ronmen ta l  hazards from exposure  t o  t h e  s u b j e c t  c h e m i -  
cal .  The i n f o r m a t i o n  c o n t a i n e d  i n  t h e  r e p o r t  i s  drawn chiefly 
from secondary  s o u r c e s  and avai lable  r e f e r e n c e  documents.  
Because of  t he  l i m i t a t i o n s  of s u c h  sources, t h i s  s h o r t  p r o f i l e  
may n o t  ref lect  a l l  ava i lab le  i n f o m a t i o n  i n c l u d i n g  all t h e  
a d v e r s e  h e a l t h  and env i ronmen ta l  impacts p r e s e n t e d  by t he  
s u b j e c t  chemical. T h i s  document has  undergone s c r u t i n y  t o  
e n s u r e  i ts  t e c h n i c a l  accuracy. 



2-CHLOROPHENOL 

SUMMARY 

I n s u f f i c i e n t  data  ex is t t o  i n d i c a t e  that  2 - c h l o r o p h e n o l  

is a c a r c i n o g e n i c  a g e n t .  2 -Chlorophenol  appears t o  act  as  a 

n o n s p e c i f i c  i r r i t a n t  i n  p romot ing  tumors  i n  s k i n  p a i n t i n g  

s t u d i e s .  N o  i n f o r m a t i o n  is a v a i l a b l e  on m u t a g e n i c i t y ,  tera- 

t o g e n i c i t y ,  o r  s u b a c u t e  and c h r o n i c  tox  i c i t y .  

is a weak u n c o u p l e r  o f  o x i d a t i v e  p h o s p h o r y l a t i o n  and a con- 

2-Chlorophenol  

v u l s a n t .  

2-Chlorophenol  is a c u t e l y  t o x i c  t o  f r e s h w a t e r  f i s h  a t  

c o n c e n t r a t i o n s  r a n g i n g  from 6,590 t o  20,170 u g / l .  

' s t u d i e s  are a v a i l a b l e .  C o n c e n t r a t i o n s  g rea te r  t h a n  6 0  ug/1 

have  been r e p o r t e d  t o  t a i n t  cooked rainbow t r o u t  f l e s h  i n  

f l a v o r  impai rment  s t u d  ies. 

N o  m a r i n e  

. 
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I .  INTRODUCTION 

T h i s  p r o f i l e  is based p r i m a r i l y  on t h e  Ambient Water 

Q u a l i t y  C r i t e r i a  Document fo r  2-Chlorophenol (U.S. EPA, 

1 9 7 9 ) .  

2-Chlorophenol (o r tho -ch lo ropheno l )  is a l i q u i d  hav ing  

t h e  empirical formula  C6H5C1 ( m o l e c u l a r  weight :  128 .56) .  

I t  has  t h e  f o l l o w i n g  p h y s i c a l / c h e m i c a l  p r o p e r t i e s  (Rodd, 

1954; Judson  and Ri lpa t r ick ,  1949; Sax, 1975;  S t e c h e r ,  1968; 

Henshaw, 1971)  : 
Mel t ing  Po in t :  8.7OC 
B o i l i n g  P o i n t  Range: 175-176OC 
Vapor P r e s s u r e  : 1 m H g  a t  1 2 . l o C  
S o l u b i l i t y  : S l i g h t l y  s o l u b l e  ( l g / l )  

i n  water a t  25OC and 
n e u t r a l  pE 

2-Chlorophenol is a commercially produced chemica l  used 

a s  an i n t e r m e d i a t e  i n  t h e  p r o d u c t i o n  of h i g h e r  c h l o r o p h e n o l s  

and p h e n o l i c  r e s i n s  and has  been u t i l i z e d  i n  a process f o r  

e x t r a c t i n g  s u l f u r  and n i t r o g e n  compounds from coal (U.S. EPA, 

1 9 7 9 ) .  

2-Chlorophenol undergoes p h o t o l y s i s  i n  aqueous s o l u t i o n s  

as a r e s u l t ,  of W i r r a d i a t o n  (Omura and Matsuura ,  1971; 

Joschek  and Miller, 1 9 6 6 ) .  Labora to ry  s t u d i e s  s u g g e s t  t h a t  

m i c r o b i a l  o x i d a t i o n  could  be a d e g r a d a t i o n  route f o r  2-chlo- 

ropheno l  (Loos, e t  a l . ,  1966: S i d w e l l ,  1971; N a c h t i g a l l  and 

B u t l e r ,  1974)  . Eowever, s t u d i e s  performed by E t t i n g e r  and 

Ruchhoft  (1950)  on t h e  p e r s i s t e n c y  of 2-chlorophenol  i n  s e w -  

age  and p o l l u t e d  r i v e r  water i n d i c a t e d  t h a t  t h e  removal o f  

monochlorophenols  r e q u i r e s  t h e  p r e s e n c e  of an adap ted  micro- 

- .  
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11. EXPOSURE 

A. Water 

The g e n e r a t i o n  of waste from t h e  commercial p roduc -  

t i o n  and u s e  o f  2 - c h l o r o p h e n o l  (U.S. EPA, 1 9 7 9 )  and t h e  inad -  

v e r t e n t  s y n t h e s i s  of 2 - c h l o r o p h e n o l  d u e  t o  c h l o r i n a t i o n  of 

water c o n t a m i n a t e d  w i t h  p h e n o l  ( A l y ,  1968:  B a r n h a r t  a n d  Camp- 

b e l l ,  1972 ;  J o l l e y ,  1973 ;  Jol ley,  e t  a l . ,  1 9 7 5 )  are p o t e n t i a l  

s o u r c e s  of c o n t a m i n a t i o n  of water w i t h  2 - c h l o r o p h e n o l .  How- 

e v e r ,  no data  r e g a r d i n g  2 - c h l o r o p h e n o l  c o n c e n t r a t i o n s  i n  f i n -  

i s h e d  d r i n k i n g  water are ava i l ab le  (U.S. EPA, 1 9 7 9 ) .  

B. Food 

I n f o r m a t i o n  on  levels  of 2 - c h l o r o p h e n o l  i n  f o o d s  is 

n o t  a v a i l a b l e ,  Any c o n t a m i n a t i o n  of f o o d s  is p r o b a b l y  i n d i -  

rect  as  a r e s u l t  o f  u se  and  s u b s e q u e n t  metabolism o f .  phenoxy-  

a l k a n o i c  h e r b i c i d e s  (U.S. EPA, 1 9 7 9 ) .  A l though  r e s i d u e s  o f  

2 , 4 - d i c h l o r o p h e n o l  were found  i n  t i s s u e s  of a n i m a l s  f e d  2,4-D 

and  nemacide  c o n t a i n i n g  food ( C l a r k ,  e t  a l .  1 9 7 5 ) ;  Sherman,  

e t  a l .  1 9 7 2 1 ,  no  e v i d e n c e s  w e r e  c i ted t o  i n d i c a t e  t h e  pres- 

e n c e  of 2 - c h l o r o p h e n o l ;  moreover, t h e r e  w a s  no c o n t a m i n a t i o n  

of 2 - c h l o r o p h e n o l  i n  m i l k  and  cream o b t a i n e d  f rom cows f e d  

2,4-D t r e a t e d  f o o d  ( B j e r k e ,  e t  a l .  1 9 7 2 ) .  

The p o t e n t i a l  for a i r b o r n e  e x p o s u r e  t o  2 -ch lo ro -  

p h e n o l  i n  t h e  g e n e r a l  e n v i r o n m e n t ,  e x c l u d i n g  o c c u p a t i o n a l  ex- 

p o s u r e ,  h a s  n o t  been  reported (U.S. EPA, 1 9 7 9 ) .  

The U.S. EPA ( 1 9 7 9 )  h a s  es t imated t h e  w e i g h t e d  

a v e r a g e  b i o c o n c e n t r a t i o n  f a c t o r  for 2 - c h l o r o p h e n o l  and the. 

e d i b l e  p o r t i o n  o f  f i s h  and s h e l l f i s h  consumed by Amer icans  a t  

2 000683 
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490.  Th i s  e s t i m a t e  is based on measured s t e a d y  s t a t e  biocon- 

c e n t r a t i o n  s t u d i e s  i n  b l u e g i l l s .  

C. I n h a l a t i o n  

P e r t i n e n t  d a t a  r e g a r d i n g  c o n c e n t r a t i o n s  of 2-chloro- 

phenol i n  ambient a i r  could n o t  be found. i n  t h e  ava i lab le  

l i t e r a t u r e .  

I I1 . PHARMACOKIN ET1 CS 

A. Absorpt ion  

. .  

Data d e a l i n g  d i r e c t l y  w i t h  t h e  a b s o r p t i o n  of 2- 

chlorophenol  by humans and expe r imen ta l  an imals  has  n o t  been 

found. Chlorophenol  compounds are g e n e r a l l y  cons ide red  t o  be 

r e a d i l y  absorbed,  as would be expec ted  from t h e i r  high l i p i d  

s o l u b i l i t y  and l o w  deg ree  of i o n i z a t i o n  a t  p h y s i o l o g i c a l  pA 

(Doedens, 1963; Farquharson,  e t  a l . ,  1 9 5 8 ) .  

i n d i c a t e  t h a t  2-chlorophenol  is absorbed  through t h e  s k i n .  

T o x i c i t y  s t u d i e s  

8. D i s t r i b u t i o n  

P e r t i n e n t  d a t a  r e g a r d i n g  t i s s u e  d i s t r i b u t i o n  of 2- 

ch lorophenol  w a s  n o t  l o c a t e d  i n  t h e  a v a i l a b l e  l i t e r a t u r e .  

C. Metabolism 

Data r e g a r d i n g  t h e  metabol ism of 2-chlorophenol  i n  

humans was n o t  a v a i l a b l e  (U.S. EPA, 1979) .  Based on e x p e r i -  

menta l  work i n  t w o  s p e c i e s ,  it a p p e a r s  t h a t  t h e  metabol ism of 

2-chlorophenol i n  mammals is s h i l a r  t o  t h a t  of phenol  i n  

r ega rd  t o  t h e  format ion  and e x c r e t i o n  of s u l f a t e  and g lucur -  

on ide  c o n j u g a t e s  (Von O e t t i n g e n ,  1949: Lindsay-Smith, e t  a l .  

1972) Conversion of ch lorobenzene  t o  monochlotophenols ,  

.- 
I ..., 

inc lud  ing  2-chlOrophenolI has  been- shown i n  v i t r o  with r a t  - -- I 
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l i v e r  ( S e l a n d e r ,  e t  a l .  1 9 7 5 )  and -- i n  v i v o ,  w i t h  r a b b i t s  

(Lindsay-Smi th ,  e t  a l .  1 9 7 2 ) .  

D. E x c r e t i o n  

S t u d i e s  on ra te  and r o u t e  o f  e x c r e t i o n  f o r  

2 -ch lo ropheno l  i n  humans were n o t  a v a i l a b l e .  Dogs e x c r e t e d  

87 p e r c e n t  o f  a d m i n i s t e r e d  2 -ch lo ropheno l  i n  t h e  u r i n e  as 

s u l f a t e  and g l u c u r o n i d e  c o n j u g a t e s  (Von O e t t i n g e n  , 1 9 4 9 ) .  

The same me,tabolites were found i n  t h e  u r i n e  o f  r a b b i t s  a f t e r  

a d m i n i s t r a t i o n  o f  c h l o r o b e n z e n e  ( Lindsay-Smith,  et a l .  1 9 7 2 )  ; 

however ,  o u t  o f  t h e  t o t a l  f r e e  and c o n j u g a t e d  c h l o r o p h e n o l s  

o n l y  6 pe rc ' en t  were p r e s e n t  as 2 -ch lo ropheno l .  

I V .  EFFECTS 

A.  C a r c i n o g e n i c i t y  

I n s u f f i c i e n t  da t a  e x i s t  t o  i n d i c a t e  t h a t  2-chloro-  

p h e n o l  is a c a r c i n o g e n .  I n  t h e  o n l y  s t u d y  found ( B o u t w e l l  

and Bosch,  1 9 5 9 ) ,  2 -ch lo ropheno l  promoted s k i n  c a n c e r  i n  mice 

a f t e r  i n i t i a t i o n  w i t h  d i m e t h y l b e n z a n t h r a c e n e  and when r e p e a t -  

e d l y  appl ied  a t  a c o n c e n t r a t i o n s  h i g h  enough t o  damage t h e  

s k i n ,  2-Chlorophenol  was n o t  c a r c i n o g e n i c  when appl ied  re- 

p e a t e d l y  w i t h o u t  i n i t i a t i o n  w i t h  d i m e t h y l b e n z a n t h r a c e n e ,  b u t  

d i d  i n d u c e  a h i g h  i n c i d e n c e  of papillomas and no ca rc inomas .  

I n f o r m a t i o n  regard i n g  m u t a g e n i c i t y  , t e r a t o g e n i c i t y  , 
o t h e r  r e p r o d u c t i v e  e f f e c t s  and c h r o n i c  t o x i c i t y  c o u l d  n o t  be 

found i n  t h e  a v a i l a b l e  l i t e r a t u r e .  

F. O t h e r  R e l e v a n t  I n f o r n a t i o n  

2-Chlorophenol  is a weak u n c o u p l e r  o f  o x i d a t i v e  

p h o s p h o r y l a t i o n  ( M i t s u d a ,  e t  a l , ,  1 9 6 3 )  and a c o n v u l s a n t  

( F a r q u h a r s o n ,  e t  a l . ,  1958;  Angel  and R o g e r s ,  1 9 7 2 ) .  

. d' 
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V. AQUATIC TOXICITY 

A. Acute  T o x i c i t y  

Acute  s t u d i e s  on f o u r  species of f i s h  have produced 

96-hour s t a t i c  L C s o  v a l u e s  r a n g i n g  from 6,590 w/ l  i n  t h e  

b l u e g i l l  (Lepomis m a c r o c h i r u s )  (U.S. EPA, 1 9 7 8 )  t o  20,170 

ug/l t o  t h e  guppy (Poeci l ia  r e t i c u l a t u s ) .  

were more s e n s i t i v e  i n  a s t a t i c  r e n e w a l  a s s a y  w i t h  .an LCs0 

J u v e n i l e  b l u e g i l l s  

v a l u e  o f  8,400 ug/l. The f a t h e a d  minnow ( P l m e p h a l e s  prome- 

l a s )  w a s  t h e  o n l y  f r e s h w a t e r  f i s h  t e s t e d  in a f l o w  t h r o u g h  

system and gave an  LC50 V a l u e  of 12 ,380  w/l. 
magna h a s  been found t o  have  48-hour s t a t i c  L C s o  v a l u e s  

of 2,580 ug/l and 7,430 ug/l. 

o f  2-chlorophenol  t o  mar ine  f i s h  or i n v e r t e b r a t e s  are a v a i l -  

a b l e .  

- 
Daphnia 

N o  d a t a  c o n c e r n i n g  t h e  effects  

B. Chronic  T o x i c i t y  . 

Effects were n o t  o b t a i n e d  i n  a c h r o n i c  embryo- 

l a r v a l  tes t  of 2-chlorophenol  a t  c o n c e n t r a t i o n s  as high  as 

1 ,950  ug/l for  t h e  f r e s h w a t e r  f a t h e a d  minnow. A d d i t i o n a l  

c h r o n i c  s t u d i e s  are n o t  a v a i l a b l e .  

C. P l a n t  E f f e c t s  

The o n l y  p l a n t  assay a v a i l a b l e  p r o v i d e s  an effec- 

t i v e  c o n c e n t r a t i o n  of 500,000 ug/l h c h l o r o p h y l l  r e d u c t i o n  

i n  t h e  algae, C h l o r e l l a  p y r e n o i d o s a .  

D. R e s i d u e s  

A measured b i o c o n c e n t r a t i o n  fac tor  of 214 h a s  been 

o b t a i n e d  f o r  t h e  b l u e g i l l .  The h a l f - l i f e  was less  t h a n  on6 

d a y ,  i n d i c a t i n g  a r a p i d  d e p u r a t i o n  r a t e  f o r  2-chlorophenol .  - -  
- -  



E. M i s c e l l a n e o u s  

F l a v o r  impai rment  of t h e  e d i b l e  p o r t i o n  o f  f i s h  

exposed  t o  2 -ch lo ropheno l  h a s  been r e p o r t e d .  

c o n c e n t r a t i o n  o f  2 -ch lo ropheno l  i n  t h e  e x p o s u r e  water which 

would' n o t  impair t h e  f l a v o r  of cooked r a inbow t r o u t  (Salmo 

g a i r d n e r i )  h a s  been e s t i m a t e d  a t  60 p g / l  Shumway and 

P a l e n s k y ,  1973  1 .  

The h i g h e s t  

V I .  EXISTING G U I D L I N E S  AND STANDARDS 

N e i t h e r  t h e  human h e a l t h  nor  t h e  a q u a t i c  c r i te r ia  de- 

r i v e d  by U.S. EPA ( 1 9 7 9 ) ,  which are summarized be lowf  have  

gone t h r o u g h  t h e  p r o c e s s  of p u b l i c  r ev iew;  t h e r e f o r e ,  t h e r e  

is a p o s s i b i l i t y  t h a t  these c r i t e r i a  may be changed.  

A. Human 

Based on t h e  p r e v e n t i o n  o f  a d v e r s e  o r g a n o l e p t i c  e f -  

f e c t s ,  t h e  U.S. EPA (1979)  d r a f t  i n t e r i m  c r i t e r i o n  recommend- 

ed f o r  2 -ch lo ropheno l  i n  ambien t  water is 0.3 w/1. 
are no o t h e r  s t a n d a r d s  or g u i d e l i n e s  f o r  e x p o s u r e  t o  2-chlo- 

r o p h e n o l .  

The re  

B. A q u a t i c  

Based on t h e  t a i n t i n g  o f  f i s h ,  t h e  d r a f t  c r i t e r i o n  

to  p r o t e c t  f r e s h w a t e r  organisms f rom 2 -ch lo ropheno l  is 60 

pg/ l  as a 24-hour average, no t  t o  exceed  180  pg/l a t  any 

t i m e .  N o  c r i t e r i o n  w a s  d e r i v e d  f o r  m a r i n e  l i f e  ( U . S .  EPA, 

1979)  

(408623 ff - 
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DISCLAIMER . .  

T h i s  report represents a survey of the potential  health 
and environmental hazards from exposure to  the subject chemi- 
cal. The information contained i n  the report i s  drawn chief ly  
from secondary sources and available reference documents. Be- 
cause of the l imitations of such sources, t h i s  short p rof i le  
may not re f lec t  a l l  available information including a l l  the 
adverse health and environmental impacts presented by the sub- 
j ec t  material. This document has undergone scrutiny t o  ensure 
i t s  technical accuracy. 



. C H R O M I U M  

Summary 

H e x a v a l e n t  chromium ( C r V I ) ,  a t  low c o n c e n t r a t i o n s  i n  w a t e r ,  

has a d e l e t e r i o u s  e f f e c t  on t h e  g r o w t h  o f  f i s h ,  a q u a t i c  i n v e r -  

t e b r a t e s ,  a n d  c e r t a i n  s p e c i e s  o f  a l g a e .  F o r  t h e  mos t  s e n s l -  

. .  

t i v e  a q u a t i c  s p e c i e s ,  D a p h n i a  magna ,  a f i n a l  c h r o n i c  n o - e f f e c t  

l e v e l  o f  l e s s  t h a n  10  u g / l  h a s  b e e n  d e r i v e d  by t h e  U . S .  EPA. 

F o r  t r i v a l e n t . C r ( C r I I 1 )  t o x i c  e f f e c t s  a r e  more p r o n o u n c e d  i n  s o f t  

t h a n  i n  h a r d  wa te r ;  c h r o n i c  n o - e f f e c t  l e v e l s  a r e  d e r i v e d  a s  a 

f u n c t i o n  of  water h a r d n e s s .  

S e v e r a l  h e x a v a l e n t  C r  compounds h a v e  p r o d u c e d  t u m o r s  

i n  a n i m a l  s t u d i e s .  Human e p i d e m i o l o g y  s t u d i e s  i n d i c a t e  a 

p o s s i b l e  e t i o l o g y  o f  C r  e x p o s u r e  i n  the p r o d u c t i o n  of  l u n g  

t u m o r s  i n  o c c u p a t i o n a l l y  e x p o s e d  w o r k e r s .  T r i v a l e n t  C r  h a s  

n o t  shown c a r c i n o g e n i c  e f f e c t s .  

M u t a g e n i c  e f f e c t s ,  i n c l u d i n g  c y t o g e n e t i c  e f f e c t s  i n  

. e x p o s e d  w o r k e r s ,  h a v e  b e e n  r e p o r t e d  f o r  h e x a v a l e n t  chromium 

compounds .  T r  l v a l e n t  chromium compounds were n o t  m u t a g e n i c  

i n  t h e  Ames b a c t e r i a l  a s s a y .  T e r a t o g e n i c  e f f e c t s  o f  chromium 

h a v e  b e e n  r e p o r t e d  i n  a s i n g l e  s t u d y  and  h a v e  n o t  b e e n  

c o n f i r m e d .  

I m p a i r m e n t  o f  p u l m o n a r y  f u n c t i o n  h a s  b e e n  r e p o r t e d  i n  

chrome e l e c t r o p l a t i n g  w o r k e r s  s u b j e c t  t o  c h r o n i c  chromium 

e x p o s u r e -  Eowever ,  e x p o s u r e  t o  m u l t i p l e  a g e n t s  c o m p l i c a t e s  

t h e  i n t e r p r e t a t i o n  of t h i s  f i n d i n g .  

. - .  
, *  I ' 
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CHROMIUM 

I INTRODUCTION 

T h i s  p ro f i l e  i s  i n  large part based on the Ambient 

Water Qual i ty  Cr i t e r i a  Document for Chromium ( U . S .  EPA, 1980) .  

C h r m i u m  . ( C r )  i s  a s t e e l  gray, lustrous,  hard metal t h a t  

m e l t s  a t 1 8 5 7  - + 20°C, boils a t  2672"C, and has a spec i f ic  

gravi ty  of 7.18 t o  7 .20  a t  2OoC (Weast, 1974). 

e x i s t  i n  a var ie ty  of oxidation s t a t e s ;  the most commonly 

occurring a re  those of the t r i v a l e n t  and hexavalent s t a t e s .  

Physical properties of  some C r  compounds a re  summarized i n  

Table 1. 

C r  compounds 

C r  compounds a re  u t i l i zed  i n  the paint  and dye industr ies  

a s  pignents and mordants, i n  metallurgy for  the production of 

s t a i n l e s s  s t e e l  and other a l loys ,  i n  the chrome tanning of 

l ea the r  goods, i n  the production of high melting refractory 

mater ia ls ,  and f o r  chrome plat ing 

Hexavalent C r  compounds a r e  r e l a t i v e l y  water soluble and 

a r e  readi ly  reduced t o  more s tab le  and insoluble t r i v a l e n t  

forms by reaction with organic reducing matter. Trivalent 

chrunium forms s tab le  hexacoordinate complexes with a grea t  

va r i e ty  of ligands (water, ammonia, urea, ha l ides ,  su l f a t e s ,  

ethylene diamine, organic ac ids ) .  

solut ions,  t r i v a l e n t  C r  may form polynuclear bridge compounds 

t h a t  eventually prec ip i ta te .  

a5 a component of an anion (hydrochromate, chromate, or 

dichromate) and does not p rec ip i t a t e  from a lka l ine  solution. 

I n  n e u t r a l  and basic 

Hexavalent C r  e x i s t s  i n  solution 

- - - _  
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T h e  specific a n i o n i c  form of h e x a v a l e n t  C r  i s  dependent  on . 

p H  - i n  the a c i d  'range hydrochromate predominates ,  w h i l e  i n  

t h e  a l k a l i n e  range  t h e  predominant  form i s  chromate ( T r a m a  

and Renoi t ,  1960). C r  V I  o c c u r s  n a t u r a l l y  i n  a l k a l i n e  sof t  

waters  (Robertson,  1975) and i n  aerated sea water (Fukai ,  

1967; C u t s h a l l  e t .  al . ,  1965; Emerson e t .  a l . ,  1979). The 

o x i d a t i o n  of CR I11 i s  expected t o  occur  on e n e r g e t i c  grounds 

( C a r l i n ,  1965: U.S. EPA, 1977). I n  f a c t ,  .however, o x i d a t i o n  

takes place o n l y  v e r y  slowly i n  n a t u r a l  w a t e r s ,  e x c e p t  i n  the 

p r e s e n c e  of MnO2 (Schroeder and Lee, 1975: U.S. EPA, 1978). 

Under  laboratory c o n d i t i o n s  o x i d a t i o n  does occur  ( Schroeder 

and Lee ,  1975; Stephens,  1977). I n  c o n t r a s t ,  t he  r e d u c t i o n  

of Cr V I  t o  C r  I11 o c c u r s  rapidly i n  lake waters (Schroeder 

and Lee, 1975). 

I t  s e e m s  probable tha t  i n  m o s t  waters, e s p e c i a l l y  under 

n e u t r a l  or s l i g h t l y  a c i d  c o n d i t i o n s ,  C r  V I  i s  reduced t o  C r  

111, t h e  hydroxy c a p l e x e s  of which precipi ta te  o u t  and/or  

are absorbed o n t o  c l a y s  and o t h e r  soil e lements  (N.A.S., 

1974; U.S. EPA, 1978). 

S i n c e  C r  i s  an  element ,  it persists i n d e f i n i t e l y  i n  the 

environment  i n  some form. T r i v a l e n t  Cr compounds are more 

likely t o  accumulate  i n  sed iments ,  while hexava len t  forms 

remain s o l u b l e  and d i s s i p a t e  w i t h  the w a t e r  f low (U.S. EPA, 1980). 

11. MPOSURE 

Large amounts of h e x a v a l e n t  C r  are produced and u t i l . i z e d  

51-5 

P 



0 ~ ' ; 1 2 9 0  . 
i n  i n d u s t r y ,  p r imar i ly  as chromates and dichromates (U.S. 

EPA, 1980).  

t ons  of Cr metal a lone  i n  1972. 

I n d u s t r i a l  p rocesses  consumed 320,000 meiric 

Much of the  d e t e c t a b l e  chromium i n  a i r  and w a t e r  i s  
I 

presumably der ived from i n d u s t r i a l  p rocesses .  Levels of 

t o t a l  Cr i n  the a i r  exceeding 0.10 mg/m3 were repor ted  

from 59 of 186 urban a r e a s  examined (U.S. EPA, 1973).  A i r  

. .  

l e v e l s  i n  non-urban areas g e n e r a l l y  fall b e l o w  d e t e c t i o n  

limits. Mean concent ra t ion  of C r  i n  1577 samples of s u r f a c e  

water w a s  determined as 9.7 u g / l  (Kopp, 1969) .  C r  i s  n a t u r a l l y  

d i s t r i b u t e d  i n  t h e  c o n t i n e n t a l  c r u s t  a t  an average concent ra t ion  

of 1 2 5  mg/kg (N.A.S., 1974).  

Based on a v a i l a b l e  monitoring d a t a ,  t h e  U.S. EPA (1980) 

h a s  es t imated  t h e  uptake of C r  by a d u l t  humans from a i r ,  
I 

water and food: 

I 

Source 

Atmosphere 
Water 
Food Supply 

A d i f f e r e n t  estimate 

(NAS, 1974) .  I t  i s  o f t e n  

... , Uptake ug/day 

1 
20 

' 50-100 
12 1 

f o r  s e l f - s e l e c t e d  d i e t s  w a s  280ug/day 

s t a t e d  t h a t  t h e  American d i e t  may 

be margina l ly  d e f i c i e n t  i n  C r .  Since a MDR has no t  y e t  been 

e s t a b l i s h e d  (Mertz, 1978) ,  and s i n c e  abso rp t ion  f a c t o r s  (see 

below) are as y e t  poor ly  understood, t h i s  s ta tement  i s  open 

t o  ques t ion .  
- .  - *- 

-- 
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t o b l e  1. Yliysloal Proper t les  or t y p l o r l  Chroolm Compounds 

Orltiorlioablo , CZr 9 

Cublo, Pa3 

(Cr(C0I6 Color 1 e sa 
c r y s l o l a  

20'4-265 Sublloea 150 Insoluble  In 1I2O; 
so luble  In  Cbl16 (vaouum) , .  

(C6116)pCr Droun 
o r y a t a l s  

Deowpoaaa Soluble I n  
C2lI,1)1l, c II  H 

5 5  
178 

S l l g h t l y  so luble  Ln 
I1 0;  so luble  In 
o i l l d s  

Soluble  In I12U t o  blue 
oolut lon,  absorbs O2 

abyorbs O2 
Soluble la 1I2O, 

. .  Honoollnlo, C2/0 

10 Tetragonal , Dllb 

Honunllnlo, CZh ' 5  

' 815 1120 CrCIZ Wlilte 

c r W p  ( l~ t iu)2~q*611z0 Dlue crystals 
c r y s t a  1 a 

,,)or5 
3 lluxagoiial , Sub1 lmes 805 hrsolublo lnull 0 ,  

s o ~ i i ~ i  e In pikcliroe I .  Insoluble  or CI. In ll,Oi 
200 345 

oolublu Iti C 6 6  11 
89 Solublu In Il2U 
(Inoongruent) 

IlrlgIiL purple  
3 p l a t e s  

CrCL 

Cr(~~l . ,~l!COCll j l  Hed-vlolet 
c r y s t a l s  

KCr (SU,, 1 2 .  121I2U Deep' purple 
aryala I:, 

Honoo11 nl  o 

6 
Cublo, All 

95 

90 

Soluble  In I$O, green 
sui Ill LOCI tllr.Il1 n& 
gi*aan-vlol u t  

Tr io l  In lcor  
moiiuc 1 I II I o 

(C I .  ( lI2O) IC1 Vto lu t  
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Melt I ng 00111ng 
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T h e  U . S .  EPA (1980) has der ived  a b ioconcen t r a t ion  f a c t o r  

( B C F )  of  11 f o r  chromium. 

111. PHARMACOKINETICS 

A. Absorption 

. & e  e f f i c i e n c y  of C r  abso rp t ion  by the gas t ro in -  

t e s t i n a l  t r ac t  i s  a f u n c t i o n  of the o x i d a t i o n  and chemical 

forms of the compound and the presence of other d i e t a r y  

c o n s t i t u e n t s ,  and poor ly  understood i n t e s t i n a l  e p i t h e l i a l  

barriers (U .So  EPA, 1980: Mertz, 1978) . Oral a d m i n i s t r a t i o n  

of t r i v a l e n t  C r  results i n  l i t t l e  absorp t ion .  I n  order t o  be 

a s s i m i l a t e d  chromium must be p r e s e n t  i n  the forf" of an organic  

complex w i t h  n i c o t i n i c  acid termed glucose t o l e r a n c e  f a c t o r  (GTF) ' 

(Mertz,  1969; 1971: 1978). Ino rgan ic  C r  i s  poor ly  a s s i m i l a t e d  

( a  few p e r  c e n t )  (Mertz, 1969; 1971). C r  f r o m  animal  sources  i s  

much bet ter  u t i l i z e d  than  t h a t  from vegetab les ,  i n  which it may 

- occur i n  h i g h  concen t r a t ions  (Mertz, 1978). Dermal abso rp t ion  of 

C r  does n o t  c o n t r i b u t e  g r e a t l y  t o  t o t a l  body load ,  except  i n  

s i t u a t i o n s  where tox ic  e x t e r n a l  concen t r a t ions  h a v e  produced 

u l c e r a t i o n  ( U . S .  =A# 1980). Puimonary exposure to C r ,  which can 

be s i g n i f i c a n t  i n  some i n d u s t r i a l  s i t u a t i o n s ,  leads t o  prolonged 

r e t e n t i o n  a t  t h i s  s i t e  (Baetjer, e t  a l .  1959). 

however, t h e  c o n t r i b u t i o n  of the i n h a l a t i o n  r o u t e  t o  t o t a l  absorbed 

C r  i s  small ( U . S .  EPA, 1980). 

Under m o s t  c o n d i t i o n s ,  

B. D i s t r i b u t i o n  

Analysis  of- the metabolism and d i s t r i b u t i o n  of C r  - 

- 
-. 
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i s  c o m p l i c a t e d  by t h e  f a c t  t h a t  t h e  m e t h o d s  a v a i l a b J e  f o ' r ' t h e  

e s ' t i n a t i o n  o f  C r  a t  low l e v e l s  d o  n o t  a d e q u a t e l y  d i s t i n g u i s h  

b e t w e e n  i t s  d i f f e r e n t  f o r m s  (U.S. EPA 1 9 8 0 ;  1 9 7 8 ) .  I n  

a d d i t i o n ,  d i f f i c u l t i e s  o f  i n t e r p r e t a t i o n  a r i s e  f r o m  t h e  f a c t  

t h a t  c e l l u l a r  c o n s t i t u e n t s  r e d u c e  C r  t o  t h e  t r i v a l e n t  f o r m  

( P e t r i l l i  a n d  D e F l o r a  1 9 7 8 ;  Nakamuro 1 9 7 8 ) .  

A b s o r b e d  Cr is p r i m a r i l y  t r a n s p o r t e d  bound.  t o  s i d e r o p h i l i n ,  

a m e t a l  t r a n s p o r t  p r o t e i n  w h i c h  p r e d o m i n a n t l y  b i n d s  i r o n .  

T h e  o r g a n  d i s t r i b u t i o n  of C r  i s  h i g h l y  d e p e n d e n t  o n  t h e  

c h e m i c a l  f o r m  a d m i n i s t e r e d .  For i n s t a n c e ,  w h i l e  t r i v a l e n t  C r  

d o e s  n o t  e x t e n s i v e l y  cross t h e  p l a c e n t a l  b a r r i e r ,  when admin-  

i s t e r e d  t o  p r e g n a n t  r a t s  i n  c o m p l e x e d  f o r m  (GTF) ,  it i s  

t a k e n  u p  b y  t h e  f e t u s .  T h e  h i g h e s t  c o n c e n t r a t i o n s  o f  C r  

a c c u m u l a t e  i n  s k i n ,  l u n g ,  m u s c l e  a n d  f a t  ( M e r t z  1 9 6 9 ,  C a s a r e t t  

a n d  D o u l l ,  1 9 7 9 ) .  P u l m o n a r y  C r  a r i s e s  f r o m  i n h a l a t i o n ,  a n d  

d o e s  n o t  e q u i l i b r a t e  w i t h  o t h e r  b o d y  s t o r e s .  C r  c o n c e n t r a t i o n  

i n  t i s s u e s  o t h e r  t h a n  l u n g s  d e c l i n e  somewha t  w i t h  a g e  ( H e r t z  1 9 6 9 ) .  

H e x a v a l e n t  Cr i s  r e d u c e d  t o  t h e  t r i v a l e n t  f o r m  i n  s k i n .  

I n  t h e  b l o o d  l i t t l e  h e x a v a l e n t  Cr i s  d e t e c t e d .  The  r e t i c u l o -  

e n d o t h e l i a l  a y s t e m ,  l i v e r ,  s p l e e n ,  t e s t i s  a n d  b o n e  marrow 

h a v e  a n  a f f i n i t y  for t r i v a l e n t  Cr, (Mertt 1 9 6 9 ) ;  c h r o m a t e e  

a r e  b o u n d  l a r g e l y  t o  r e d  b l o o d  c e l l s  ( M e r t z  1 9 6 9 ) .  I n s i d e  

c e l l s ,  a b o u t  h a l f  o f  t h e  C r  i s  i n  t h e  n u c l e u s .  

C .  M e t a b o l i s m  

A n a l y s i s  of c h r o m i u m  m e t a b o l i s m  i s  c o m p l i c a t e d  by 

9 t h e  e x t e n s i v e  b i n d i n g  o f  c h r o m i u m  t o  t i s s u e  c o m p o n e n t s  

51-LL 



( e n z y m e s ,  p r o t e i n s ,  n u c l e i c  a c i d s )  a n d  by t h e  i n a b i l i t y  o f  

a n a l y t i c a l  me thods  t o  d i s t i n g u i s h  b e t w e e n  t h e  d i f f e r e n t  f o r m s  
. .  

of  chromium (U.S. E P A ,  1 9 7 8 ;  1 9 8 0 ) .  

S t u d i e s  o f  t h e  k i n e t i c s  o f  r a d i o c h r o m i u m  d i s t r i b u t i o n  i n  

humans . i n d i c a t e d  t h r e e  m a j o r  a c c u m u l a t i o n  .and c l e a r a n c e  

c o m p o n e n t s  (Lim, 1 9 7 8 ) .  An ima l  s t u d i e s  w i t h  r a d i o a c t i v e  

chromium t r i c h l o r i d e  i n j e c t e d  i n t r a v e n o u s l y  showed t h a t  h e a r t ,  

l u n g ,  p a n c r e a s ,  a n d  b r a i n  r e t a i n  o n l y  1 0  t o  31 p e r c e n t  o f  

t h e i r  i n i t i a l  r a d i o a c t i v i t y  a f t e r  f o u r  d a y s .  S p l e e n ,  k i d n e y ,  

t e s t i s  a n d  e p i d i d y m i s  c o n c e n t r a t e  chromium ( H o p k i n s ,  1 9 6 5 ) .  

A v e r a g e  u r i n a r y  a n d  b l o o d  c o n c e n t r a t i o n s  a r e  0.4 a n d  2 . 8  

ug/ lOOg,  r e s p e c t i v e l y  ( C a s a r e t t  a n d  D o u l l ,  1 9 7 9 ) .  B e c a u s e  o f  

0 

r a p i d  c l e a r a n c e ,  b l o o d  c o n c e n t r a t i o n  is n o t  a n  i n d i c a t o r  of 

C r  i n t a k e  ( M e r t z ,  1 9 7 1 ) .  

D. E l i m i n a t i o n  

Chromium t u r n o v e r  i n  humans a p p e a r s  t o  b e  v e r y  slow 

( N a t i o n a l  Academy o f  S c i e n c e s ,  1 9 7 4 ) .  One c o m p o n e n t  o f  

chromium e l i m i n a t i o n  h a s  b e e n  c a l c u l a t e d  t o  h a v e  a h a l f - l i f e  

o f  616  d a y s  ( T a y l o r ,  1 9 7 5 ) .  In r a t s ,  t h r e e  c o m p a r t m e n t s  
3 

f o r  t r i v a l e n t  chromium h a v e  b e e n  e s t i m a t e d  t o  h a v e  h a l f -  

l i v e s  of  0 . 5 ,  5 . 9 ,  a n d  83 .4  d a y s ,  r e s p e c t i v e l y  ( M e r t z ,  e t  a l . ,  

1 9 6 5 ) .  . 

Chromium is e x c r e t e d  i n  b o t h  u r i n e  a n d - f e c e s .  U r i n a r y  

e x c r e t i o n  i s  t h e  m a j o r  r o u t e  o f  e l i m i n a t i o n ,  a c c o u n t i n g  

f o r -  r e c o v e r y  o f  8 0  p e r c e n t - o f  i n j e c t e d .  chromium ( M e r t z ,  1 9 6 9 ) .  

Up t o  20 p e r c e n t  of i n t r a v e n o u s l y  i n j e c t e d  t r i v a l e n t  chromium 

W a s  found i n  t h e  f e c e s  of r a t s  ( V i s e k ,  e t  a1'1-953-)?Mi-'k-- 

- 
\A 
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a l s o  c o n t r i b u t e s  t o  e x c r e t i o n  (Casaret t ,  1979). 

I V .  EFFECTS 

A. Carc inogen ic i ty  

Carc inogen ic i ty  of v a r i o u s  hexava len t  C r  compounds 

i n  humans h a s  been w e l l  documented (U.S. EPA, D 1980). EPA's 

Carcinogen Assessment Group (CAG) has determined t h a t  there  

is s u b s t a n t i a l  evidence t ha t  hexavalen t  C r  compounds are 

ca rc inogen ic  i n  'man. 

a t  f i v e  d i f f e r e n t  l o c a t i o n s ,  of 1200 chromate workers provide  

s t r o n g  evidence t h a t  i n h a l a t i o n  of  C r  V I  produces lung cancer  

( U . S .  EPA, 1978: 1980). One s t u d y  (Taylor, 1966) a l so  showed 

a n  i n c r e a s e  i n  d i g e s t i v e  cancer .  

i n h a l a t i o n  s t u d i e s  us ing  calcium chromates have produced 

c a n c e r  (Laskin ,  19731, and Cr VI i s  ca rc inogen ic  when i m p l a n t e d  

i n  i n t r a b r o n c h i a l  pel le ts ,  as w e l l  as  b y  subcutaneous and 

i n t r a m u s c u l a r  i n j e c t i o n  i n  m i c e  and rats. 

c a r c i n o g e n i c i t y  of C r  V I  has n o t  been t e s t e d  b y  oral  admini- 

s t r a t i o n  (U.S. EPA, 1980). 

Six epidemiologic  s t u d i e s ,  conducted 

I n  rats and hamsters 

However, the  

, 
T h e  d e t e r m i n a t i o n  of the c a r c i n o g e n i c i t y  o f  C r  V I  compounds 

rests mainly on ep idemiologic  s t u d i e s  (see above) of employees 

i n  i n d u s t r i e s  which use  o r  produce chromates. 

are used p r i n c i p a l l y  i n  the manufacture o f  ferrochrome, 

C r  111 compounds 

chromite bricks and s teel ,  i n  leather tanning  and i n  l i t hography .  

D a t a  on the c a r c i n o g e n i c i t y  o f  t r i v a l e n t  C r  are f e l t  t o  be 

i n a d e q u a t e  ( H e h a n n ,  1976) . 
r e sponse  t o  chromic ( C r  111) acetate (Hueper and Payne, 1962: 

R a t s  showed a weak ca rc inogen ic  

51-13 
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Elaltoni, 1974).  C r  may be a co-carcinogen or promoter: a 

e 

chromium carbonyl i s  a mild s y n e r g i s t  f o r  benzo(a)pyrene i n  

t h e  product ion of carcinomas i n  t r a c h e a l  g r a f t s  i n  r a t s  

(Lave and Mass, 1977) .  Such e f f e c t s  could be important  i n  

t h e  development of lung cancer  following pulmonary exposure 

t o  chromates. 

B . Mutagenicity 

... 

Cytogenetic effects  i n  workers exposed t o  welding 

fumes have been a t t r i b u t e d  t o  inhaled chromium (Hedenstedt,  e t  

a1 . 8 1977) .  These effects have also been r epor t ed  i n  chromate 

production workers ( B i g a l i e f  e t  a l .  8 1977).  

C r  canpounds induce chromosomal a b e r r a t i o n s  i n  human and 

animal leukocytes ,  and mutat ions i n  b a c t e r i a  and y e a s t s  ( U . S .  

EPA, 1980; ~ P e t r i l l i  and ~ e F l o r a ,  1978a,b: Nakumoro 1978) .  

I n  t h e s e  tests C r  VI compounds have much h i g h e r  a c t i v i t y  

t h a n  C r  I11 compounds. Under s o m e  assay  c o n d i t i o n s  c e l l u l a r  

reducing agen t s  (ascorbic a c i d ,  NADH, NADPH, GSH) prevent  C r  

VX mutagenic i ty  by reducing it t o  CR I11 ( P e t r i l l i  and 

DePlo ra ,  1977: 1978ar b). Nakamuro, however (1978) found 

t h a t  C r  (111) acetate, n i t r a t e  and chloride induce chromosomal 

damage'in c u l t u r e d  human leukocytes ,  and are bacterial  mutagens. 

C. T e r a t o g e n i c i t y  

Embryonic abnorma l i t i e s  have been produced i n  t h e  

developing chicken by d i rec t  i n j e c t i o n  of t r i v a l e n t  or 

hexavalen t  chromium i n t o  t h e  yolk sac or  onto t h e  chor ioa l lan-  

t o i c  membrane (Ridgway and Karnofsky, 1952). T h i s  e f f e c t  

Q 
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has n o t  been f u r t h e r  i n v e s t i g a t e d ,  and i s  worrisome because 

o f  the  r epor t ed  p l a c e n t a l  p e r m e a b i l i t y  t o  complexed C r  (Mertz 

1969) .  

D. O t h e r  Reproductive Ef fec ts  

P e r t i n e n t  in format ion  could  no t  be 1oca ted .h  the 

a v a i l a b l e  l i t e r a t u r e .  

E. Chronic T o x i c i t y  

Except as r ega rds  the c a r c i n o g e n i c i t y  of C r  V I ,  

the c o n c e n t r a t i o n s  of Cr encountered i n  the normal environment 

do n o t  c o n s t i t u t e  a human h e a l t h  hazard. However, a c u t e  

and ch ron ic  t o x i c i t y  proble.ms a s s o c i a t e d  w i t h  exposure t o  C r  

are  of concern i n  the i n d u s t r i a l  environment. These .effects 

have been reviewed (NIOSH, 1975: EPA, 1980) ,  and inc lude  

damage to l i v e r ,  kidney,  s k i n ,  respiratory passages and lungs  

( U . S .  EPA, 1978, 1980: NAS 1974, 1977; NIOSH, 1975).  A l l e r g i c  

dermatitis i s  a pronounced p r o p e r t y  of both t r i -  and hexavalen t  

C r  compounds (EPA, 1980: Casarett and Doull ,  1979).  

S u b t l e  changes i n  pulmonary f u n c t i o n  have been observed , 

i n  workers employed i n  e l e c t r o p l a t i n g  (Bove t t  e t .  a l . ,  1977) .  

C r  V I  causes  u l c e r a t i o n  and p e r f o r a t i o n  of the n a s a l  systems, 

c h r o n i c  r h i n i t i s  and p h a r y n g i t i s ,  b u t  t h e s e  e f f e c t s  have been 

observed only i n  workers c h r o n i c a l l y  exposed to  r e l a t i v e l y  

h i g h  c o n c e n t r a t i o n s  of chromates (NIOSH, 1975). 

V.  AQUATIC TOXICITY 

A. Chronic T o x i c i t y  

N o  d a t a  for chron ic  t o x i c i t y  of t r i v a l e n t  chromium 

. .  . - .  
: , 

. .  . .  . . ,  
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f o r  f reshwater  f i s h e s  i s  a v a i l a b l e .  The geometr ic  mean of 

chronic  t o x i c i t y  va lues  for  the  freshwater  i n v e r t e b r a t e  

Daphnia magna i s  based on d a t a  from a s i n g l e  s tudy ,  and i s  

repor ted  as 445 ug/l .  N o  ch ron ic  d a t a  f o r  t r i v a l e n t  chromium 

f o r  f reshwater  a l g a e  are  a v a i l a b l e  . 
Chronic embryo-larval tes ts  on s i x  s p e c i e s  of f r e s h  

water f i s h  exposed to C r  VI r e s u l t e d  i n  v a l u e s  ranging from 

37 t o  72 ug/l  f o r  rainbow t r o u t  (Sa lmo  g a i r d n e r i )  and l ake  

t r o u t ,  Sa lve l inus  mamaycush. White suckers ,  C a t o s t m u s  

commersoni, and channel c a t f i s h ,  I c t a l u r u s  punc ta tus ,  w e r e  

in te rmedia te  i n  s e n s i t i v i t y  and nor thern  pike, - Esox l u c i u s ,  

and b l u e g i l l s ,  Lepomis macrochirus, w e r e  l e a s t  s e n s i t i v e  

wi th  chronic  v a l u e s  of 360 and 368 u g / l  r e s p e c t i v e l y .  I n  

l i f e  cycle or  p a r t i a l  l i f e  c y c l e  tests,  both the rainbow t r o u t  

and snook t r o u t ,  Sa lve l inus  f o n t i n a l i s ,  were s e n s i t i v e  w i t h  0 

chron ic  va lues  of 265 ug/l .  Chronic t e s t i n g  of hexavalent  

chromium i n  Daphnia magna found s i g n i f i c a n t  s u r v i v a l  and 

f ecund i ty  changes a t  concen t r a t ions  a s  l o w  as 10 ug/ l .  The 

e f f e c t s  of. hexavalen t  chromium .on the freshwater a l g a e ,  

Chlamydomonas r e i n h a r d i ,  w e r e  recorded a t  levels  as l o w  a s  10 

ug / l .  The Eurasian watermilfoil d i sp l ayed  the g r e a t e s t  

r e s i s t a n c e  t o  hexavalen t  chromium, even a t  l e v e l s  as  h i g h  as 

9,900 u g / l .  

There are no ch ron ic  t o x i c i t y  d a t a  a v a i l a b l e  f o r  t r i v a l e n t  

chromium compounds i n  marine f i s h ,  i n v e r t e b r a t e s  or  a lgae .  

The o n l y  a v a i l a b l e  b ioconcen t r a t ion  d a t a  for  f reshwater  



species are from s t u d i e s  on  rainbow t r o u t ,  and i n d i c a t e  a . 

b i o c o n c e n t r a t i o n  ' factor of 1 for potassium chromate.  Marine 

b i o c o n c e n t r a t i o n  factors i n  three species o f  b i v a l v e  mol luscs ,  

Myt i lu s  e d u l i s ,  ( 3 4 ) ,  Crassostrea V i r q i n i a  (166) ,  and a r e n a r i a ,  

( 1 5 2 ) ,  g i v e  a -geometr ic  mean of 114. The weighted average  BEF ' . 

i s  11 (U.S. EPA, 1980) .  

B. Acute T o x i c i t y  

The a c u t e  t o x i c i t y  of t r i v a l e n t .  chromium compounds 

has been examined e x t e n s i v e l y .  The 96-hour LC50 v a l u e s  

for  14 t es t s  ranged from 3,330 t o  71,900 u g / l  and correlates 

wi th  the ha rdness  of water ove r  a range  of. 20 t o  360 u g / l  ( a s  

CaC03) i n  11 species of freshwater f ish.  The guppy Poecilia 

r e t i c u l a t a  wis m o s t  s e n s i t i v e  and the b l u e g i l l  the m o s t  

res is tant .  

a c u t e  96-hour E 5 0  v a l u e s  ranged from 2,000 t o  64,000 u g / l .  

Among e i g h t  species of freshwater i n v e r t e b r a t e s ,  

For h e x a v a l e n t  chromium 96-hour LC50 v a l u e s  ranged from 

17,600 u g / l  i n  the fathead minnow, Pimephales  promelas, i n  

so f t  water to 195,--- u g / l  f o r  l a r g e  mouth bass, Micropteus 

sa lmoide r ,  i n  h a r d  w a t e r .  The 96-hour LCso v a l u e s  for 

freshwater i n v e r t e b r a t e s  exposed t o  h e x a v a l e n t  chromium ranged 

f r o m  3,100 u g / l  i n  the r o t i f e r ,  P h i l o d i n a  a c u t i c o r n i s ,  t o  

12,000 u g / l  i n  the ro t i f e r ,  P h i l o d i n a  roseola. 

, 

There are no p e r t i n e n t  a c u t e  t o x i c i t y  d a t a  a v a i l a b l e  

r e g a r d i n g  the t o x i c i t y  of C r  I11 compounds t o  mar ine  species. 

The a c u t e  t o x i c i t y  d a t a  for h e x a v a l e n t  chromium t o  marine 

fishes r e s u l t e d  i n  96-hour LC50 v a l u e s  of 30,000 t o  30,000 

7 -  . : i .  . . I  
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u g / l  f o r  the  speckled sanddab, C i tha r i ch thys  stigmaeus, and 

91,000 ug/ l  f o r  .the mummichog, Fundulus h e t e r o c l i t u s .  In -  . 
v e r t e b r a t e s  appear& more s e n s i t i v e  t o  hexavalen t  chromium 

than  marine f i s h .  T h e  96 hour LC50 va lues  f o r  hexavalent  

chromium ranged from 2,000 ug/ l  f o r  t h e  polychaete  worm, 

Nere is  vinens,  t o  105,000 ug/ l  f o r  the mud s n a i l ,  Nassar ius  ' 

obsoleu tus  , i n  s t a t i c  b ioassays .  

The  U.S. EPA (1978) o f f e r s  a n  ex tens ive  review o f  t h e  

environmental e f f e c t s  o f  chromium compounds i n  freshwater and 

marine organisms. 

VI . EXISTING GUIDELINES 

Standards  promulgated by va r ious  U.S. agencies  are  

summarized i n  Table I. 

Based on animal d a t a  i n d i c a t i n g  carc inogenic  e f f e c t s  of 

chromium VI and estimates of l i f e t h e  exposures from 

consumption of both d r ink ing  w a t e r  and a q u a t i c  l i f e  ~ O ~ I I S ,  

t h e  U.S. EPA (1980) h a s  es t imated  tha t  t h e  concen t r a t ions  of 

hexavalen t  chranium i n  ambient water should be no g r e a t e r  

t h a n  7.1 ng/ l  t o  keep t h e  lifetime r i s k  of cancer  b e l o w  1 i n  
. 

100,000. This r i s k  c a l c u l a t i o n  i s  based on t h e  conse rva t ive  

a s s m p t i o n  t h a t  i n g e s t i o n  of C r  VI can  cause cancer .  E P A ' s  

Water Q u a l i t y  Cr i t e r i a  Document (U.S. EPA 1980) d i s c u s s e s  

t h i s  and' a l t e r n a t i v e  assumptions . 
The OSHA t he -we igh ted  average exposure c r i t e r i o n  f o r  

chromium (ca rc inogen ic  compounds) i s  1 u g h 3  f for  the "non- 

carc inogenic"  c l a s s i f i c a t i o n  of chromium compounds t h e  

c r i t e r i o n  i s  25 ug/m3 (OSHA 1979). 
--._ 
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TABLE 1 

Recommended or E s t a b l i s h e d  S t a n d a r d s  for C r  i n .  the U n i t e d .  S t a t e s  

CHEMICAL 
MEDIUM SPECIES . REFERENCE STANDARD 

. -*. 

D r i n k i n g  Water 

D o m e s t i c  Water supply 

F r e s h  Water ( a q u a t i c  
l i f e )  

Ambient Water Q u a l i t y  
C r i t e r i a  

L i v e s t o c k  Water 

Work P l a c e  A I R  

C r  V I  U.S. P u b l i c  Health 
Service (1962)  

t o t a l  chromium U.S. EPA (1976)  

to ta l  chromium U . S .  EPA ( 1 9 7 6 )  

t o t a l  chromiumC U . S .  EPA ( 1 9 8 0 )  
cr  VI^ U.S. EPA , ( 1 9 8 0 )  

C r  V I  . N a t ' l .  Acad. S c i .  
(1972)  and  N a t ' l .  
A c a d .  Eng. ( 1 9 7 2 )  

c a rc i nog e n  i c  N a t ' l .  I n s t .  Occup. 
C r  V I a  S a f e t y  and Health 

(1975)  

n o n c a r c i n o g e n i c  N a t ' l .  I n s t .  Occup. 
cr  VI^ S a f e t y  and Health 

(19.75 1 

soluble chromic 29 CFR 1910.1000 
and chromous s a l t s  

metal  and i n s o l u b l e  29 CFR 1919.000 

50 u g / l  

50 u g / l  

100 u g / l  

50 u g / l  
0.007 . u g / l  

1 ug/m3 

25 ug/m3 TWAb 
50 ug/m3 c e i l i n g  

0.5 mg/m3 

1.0 m g / d  

compounds are here t a k e n  t o  i n c l u d e  a l l  forms of C r  V I  other than Cro3 and 
no-or  dichromates of H ,  Li, N a ,  



e F o r  the p r o t e c t i o n  of aqua t i c  spec ie s ,  proposed water 

c r i te r ia  f o r  both t r i v a l e n t  and hexavalent  chromium i n  fresh- 
. 

water and marine environments have been prepared i n  accordance 

w i t h  the Guide l ines  for Deriving Water Qua l i ty  Cr i t e r i a  

(Federal  Register - 43:21506, May 18, 1975 and Federal Regis te r  

- 43:29028, J u l y  5 ,  1978) .  

proposed c r i t e r ion  f o r  hexavalent  chromium i s  10 u g / l ,  n o t  t o  

exceed 110 ug/ l ,  and the proposed c r i t e r i o n  f o r  t r i v a l e n t  C r  

I n  f reshwater  environments the 

i s  g iven  a Chronic Final Value represented  by the following 

equat ion:  

C . F . V .  = e (0.83 I n  (water hardness)  =I 2.94)  

The proposed c r i t e r i o n  f o r  t r i v a l e n t  chromium i n  marine 

environments could not  be determined by c r i t e r i a  established 

i n  the  G u i d e l i n e s .  

: .  
I .  . .  
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DISCLAIMER 

T h i s  repor t  r e p r e s e n t s  a s u r v e y  of t h e  p o t e n t i a l  h e a l t h  
and env i ronmen ta l  h a z a r d s  from exposure  t o  t h e  s u b j e c t  chemi-  
ca l .  The i n f o r m a t i o n  c o n t a i n e d  i n  t h e  report is drawn c h i e f l y  
from secondary  s o u r c e s  and a v a i l a b l e  r e f e r e n c e  documents . 
Because  of t h e  l i m i t a t i o n s  of such  sources,  t h i s  s h o r t  p r o f i l e  
may n o t  r e f l e c t  a l l  a v a i l a b l e  i n f o r m a t i o n  i n c l u d i n g  a l l  t h e  
a d v e r s e  h e a l t h  and env i ronmen ta l  impacts  p r e s e n t e d  by t h e  
s u b j e c t  chemical. T h i s  document has  undergone s c r u t i n y  t o  
e n s u r e  i t s  t e c h n i c a l  accu racy .  

-=- 000642 



SPECIAL NOTATION 

U . S .  EPA's Carcinogen Assessment Group ( C A G )  has evaluated 

chrysene and has found s u f f i c i e n t  ev idence  t o  i n d i c a t e  t h a t  

t h i s  compound is carc inogenic .  
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Summary 

a member o f  t h e  polynuclear  aromatic hydrocarbdns (PW) 

compounds i n  the  PAH class are well-known as  po ten t  animal 
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carcinogens.  However, chrysene is gene ra l ly  regarded as only a weak ca rc in -  

ogen t o  animals. T h e r e  are no r e p o r t s  a v a i l a b l e  concerning t h e  chronic  

t o x i c i t y  o f  chrysene. Although exposure t o  chrysene i n  the environment oc- 

c u r s  i n  conjunct ion with exposure t o  o t h e r  PAH, it is not  known how these 

compounds may i n t e r a c t  i n  b a n  systems. 

No standard t o x i c i t y  data f o r  chrysene are a v a i l a b l e  for  freshwater o r  

marine o rgan i s i s .  



I. INTRODUCTION 

This p r o f i l e  is based on the Ambient Water Quality Criteria Document 

f o r  Polynuclear Aromatic Hydrocarbons ( U S .  €PA, 1979a) and the Multi-media 

Health Assessment Document f o r  Polycyclic Organic Matter (U.S. €?A, 1979b). 

Chrysene (C18H12) is one of the f a m i l y  of polynuclear aromatic 

hydrocarbons (PAH) formed a s  a result of incomplete combustion of organic  

material. Its physical/chemical p rope r t i e s  have not been well-character- 

ized, o ther  than a reported melting poin t  of 254% and a boi l ing  point  o f  

448'C ( U S .  P A ,  197%). 

PAH, including chrysene, are ubiquitous in the environment, being found 

i n  ambient a i r ;  food, water, s o i l s  , and sediment (U.S. €PA,  197%). The PAH 

class contains  a number of potent Carcinogens (e.g., benzo(a)pyrene), moder- 

a t e l y  active carcinogens (e.g. , benzo(b)fluorantheneJ, weak carcinogens 

(e. g . , chrysene 1 , and cocarcinogens (e. g . , f luoranthene 1, as well as numer- 

ous non-carcinogens (U . S . €PA , 197% 1 . 
PAH which contain more than three r ings  (such as chrysene) are rela- 

t i v e l y  stable i n  the  environment and may be t ransported i n  a i r  and water by 

adsorption t o  pa r t i cu la t e  matter. However, biodegradation and chemical 

treatment a r e  effective i n  el iminat ing most PAH i n  the environment. 

The reader is referred t o  the PAH Hazard P r o f i l e  f o r  more general  d i s -  

cussion of PAH (U.S. EPA, 197%). 

11. MPOSURE 

A. Water 

Levels  of chrysene are nut rout ine ly  monitored i n  water. However, 

the  concentration of Six  rePreSentative PAH ( b e n o (  a Ipyrene , fluoranthene, 
benzdk)  fluoranthene, b e n z d j  Jfluoranthene, benro(g, h , i )pery lene ,  and inde- 

- -no(lt3;cd)pyrene) i n  U S .  dr inking water averaged 13.5 ng/l (Basu and Sax- 

ena, 1977,1978 ). 

----- - ----_- 
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B. Food 

Chrysene has been detected i n  a wide variety of foods such as coco- 

nut  o i l  (12 ppb), and smoked or cooked meats (up t o  66 ppb) (U.S. €PA, 

1979b). Although it is not  poss ib l e  t o  accu ra t e ly  estimate the hman  d ie t -  

ary i n t a k e  o f  chrysene, it has been concluded (U.S. €PA, 197%) that the . 

da i ly  dietary i n t a k e  for  a l l  types o f  PAH is i n  the range o f  1.6 t o  16 ug. 

The U.S. €PA (1979a) has estimated the  weighted average bioconcentrat ion 

f a c t o r  f o r  chrysene t o  be 3,100 f o r  t he  edible  po r t ion  o f  f i s h  and s h e l l f i s h  

consumed by Americans. This estimate is based on the  octanol/water p a r t i -  

t i o n  c o e f f i c i e n t  for  chrysene. 

C. I nha la t ion  

Chrysene is commonly found i n  ambient air .  Measured concen t r a t ions  

of chrysene have reportedly been i n  t he  range o f  0.6 t o  4.8 ng/m3 (Gordon, 

1976; Fox and Staley, 1976). Thus, the human dai ly  i n t a k e  of chrysene by 

i n h a l a t i o n  of ambient a i r  may be i n  t h e  range of  11.4 t o  91.2 ng, assuming 
3 t h a t  a human breathes 19 m o f  a i r  per  day. 

111. PHARMACOKINETICS 

P e r t i n e n t  data could not  be loca ted  i n  t h e  a v a i l a b l e  l i t e r a t u r e  con- 

ce rn ing  ‘ t h e  pharmacokinetics o f  chrysene or o t h e r  PAH i n  humans. Neverthe- 

less, it is poss ib l e  t o  make l imited assumptions based on t h e  r e s u l t s  of 

animal research conducted with s e v e r a l  PAH, p a r t i c u l a r l y  benro( a )  pyrene. 

A. Absorption 

The absorpt ion o f  chrysene i n  b a n s  has no t  been s tudied.  How- 

e v e r ,  i t ’ is  known (U.S. €PA, 197%) t h a t ,  as a class, PAH are well-absorbed 

across the r e s p i r a t o r y  and g a s t r o i n t e s t i n a l  epi thel ia .  I n  p a r t i c u l a r ,  * chry- 

sene was reported t o  be readily t r anspor t ed  ac ross  t h e  g a s t r o i n t e s t i n a l  

mucosa (Rees, e t  a l .  1971). The high l i p i d  s o l u b i l i t y  of  compounds i n  the 

PAH class supports  this observat ion.  
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8. Dis t r ibu t ion  

The d i s t r ibu t ion  of chrysene i n  mammals has not been s tudied.  How- 

ever ,  i t  is known ( U S .  P A ,  1979a) t h a t  o the r  PAH are widely d i s t r i b u t e d  

throughout the body following their absorption i n  experimental rodents.  

Relat ive t o  other t i s sues ,  PAH tend to l o c a l i z e  i n  body fa t  and fat ty  tis- 

sues  (e.g. , breast). 

C. Metabolism 

Limited work on the metabolism of chrysene has been conducted, as 

part of an inves t iga t ion  into the mechanism of its bioac t iva t ion  t o  a muta- 

genicarcinogen (Wood, e t  al. 1977). 

Chrysene, l i k e  o ther  PAH, is apparently metabolized by the microso- 

mal mixed-fuunction oxidase enzyme system i n  mamnals (U.S. EPA, 197%). 

Metabolic attack on one or more of the aromatic double bonds leads t o  the 

formation o f  phenols, and isomeric dihydrodiols  by the in tennedia te  forma- 

t i on  o f  reac t ive  epoxides. Dihydrodiols are fu r the r  metabolized by microso- 

mal mixed-function oxidases to yie ld  diol  epoxides, compounds which are 

known to  be b io logica l ly  r eac t ive  intermediates f o r  c e r t a i n  PAH. Removal of 

activated intermediates  by conjugation w i t h  g lu ta th ione  or  g lucumnic  ac id ,  

or by fu r the r  metabolism t o  t e t r a h y d m t e t r o l s ,  is a key step i n  p ro tec t ing  

the  organism from tox ic  in t e rac t ion  w i t h  cell macmmolecules. 

0. Excretion 

The excret ion of chrysene by mammals has not  been studied. How- 

ever ,  the excret ion of c lose ly  related PAH is rapid, and occurs ma in ly  v i a  

the feces (U.S. €PA, 197%). El iminat ion i n  the  b i l e  may account fo r  a s ig-  

n i f i c a n t  percentage of administered PAH. However, the rate of  disappearance 

of various PAH f r o m  t h e  body, and the  p r inc ipa l  rou tes  of excre t ion ,  are in- 

. . .. - -  . - . .  . 



- ? *. d L  

fluenced both by the structure of the parent compound and the route of admi- 

nistration (U.S. F A ,  197%). It is unlikely that PAH w i l l  accumulate i n  

the body wi th  chronic low-level exposures. 

IV.  EFFECTS 

A. Carcinogenicity 

Chrysene is regarded as a weak animal carcinogen (U.S. €PA,  197%). 

LaVoie and coworkers (1979) reported that chrysene can act as both a tumor 

ini t ia tor  and as a complete carcinogen on t h e  sk in  of mice. 

8. Mutagenicity 

Chrysene is positive i n  the h e s  Salmonella assay i n  the presence 

of a metabolizing enzyme system (LaVoie, e t  al .  1979; Wood, e t  a l .  1977). 

Chrysene is also positive i n  the induction of sister-chromatid exchanges i n  

Chinese hamster cel ls  (Rosrinsky-Kocher, e t  al. 1979). 

C. Teratogenicity 

Pertinent data could not be located i n  the available l i terature 

concerning the possible teratogenicity of chrysene. Other related PAH are 

apparently not significantly teratogenic i n  m a l s  (U.S. EPA, 1979a). 

0. Other Reproductive Effects and Chronic Toxicity 

Pertinent data could not be located i n  the available l i terature re- 

garding other reproductive effects and chronic toxicity. 

V. AQUATIC TOXICITY 

The only data concerning the .effects of chrysene to aquatic organisms 

is  a s ingle  bioconcentration factor o f  8.2 (24-hour) fo r  the marine clam 

(Ranaia - cuneata) (Neff, e t  al .  1976). No standard aquatic toxicity data for 

chrysene either i n  acute or chronic studies are available fo r  freshwater O r  

marine species. 

. .  
' ?  
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V I .  EXISTING GUIDELINES AND STANOARDS 

Neither the human health nor t h e  aquat ic  cr i ter ia  derived by U.S. P A  

(1979a1, which are summarized below, have gone through the  process of publ ic  

review; therefore ,  there is a p o s s i b i l i t y  tha t  these criteria w i l l  be 

changed. 

A. b a n  

There are no established exposure criteria for  chrysene. HOwever, 

PAH a s  a class a re  regulated by severa l  au tho r i t i e s .  The World Health Or- 

ganization has recommended that the concentrat ion o f  PAH i n  dr inking water 

(measured as the t o t a l  o f  fluoranthene, benzo(g,h,i)perylene,  benzo(b)fluor- 

anthene, bento(h) fluoranthene, indeno(lY2,3-cd)pyrene, and benzo(a1pyrene) 

-not  exceed 0.2 rJg/l. Occupational exposure criteria have been established 

fo r  coke oven emissions, coal tar pmducts ,  and c o a l  tar p i t c h  v o l a t i l e s ,  

a l l  of which contain la rge  amounts of PAH including chrisene (U.S. €PA, 

1979a 1 . 
The U.S. €PA (197%) draft recommended criteria fo r  PAH i n  water 

are based upon the ex t rapola t ion  of animal carcinogenici ty  data for  bento- 

(alpyiene and d i b e n d a ,  hlanthracene. 

8. Aquatic 

Data is insu f f i c i en t  fo r  d ra f t ing  freshwater or marine c r i t e r i o n .  
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DISCLAIMER 

T h i s  report r e p r e s e n t s  a su rvey  of t h e  p o t e n t i a l  h e a l t h  
and environmental  hazards  from exposure t o  t h e  subject chemi- 
cal .  The informat ion  con ta ined  i n  t h e  r e p o r t  is drawn c h i e f l y  
from secondary sources  and a v a i l a b l e  r e f e r e n c e  documents . 
Because of t h e  l i m i t a t i o n s  of s u c h  sources, t h i s  short  p r o f i l e  
may n o t  reflect a l l  a v a i l a b l e  informat ion  i n c l u d i n g  a l l  the 
adve r se  h e a l t h  and environmental  impacts p r e s e n t e d  by the 
s u b j e c t  chemical.  T h i s  document has  undergone s c r u t i n y  t o  
ensu re  its technical  accuracy.  

. .  



SPECIAL NOTATION 

U.S. E P A ' s  Carcinogen Assessment  Group (CAG) h a s  e v a l u a t e d  

creosote and h a s  found s u f f i c i e n t  e v i d e n c e  to i n d i c a t e  t h a t  

t h i s  compound i s  c a r c i n o g e n i c .  

. 



I CREOSOTE 
.> 

I. INTRODUCTION 

Creosote i s  a coal- tar  d i s t i l l a t e  used mainly a s  a wood preservative. 

I t  is highly tox ic  t o  wood-destmying organisms and has a low evaooration 

rate !Farm Chemicals Handbook, 1977). In 1972, an estimated 521,000 tonnes 

(575,000 tons)  were produced by s i x  companies a t  25 sites i n  the United 

States (von Rmker, e t  a l .  1974). About 90 percent  o f  t h e  c reosote  is sold 

t o  the wood-preservation industry;  t he  remainder is burned a s  fuel (von Rum- 

ker, e t  a l .  1974). 

Creosote 's  other pesticidal uses  are as an herbicide,  an i n s e c t i c i d e ,  

an acaricide; an arachnicide,  a fungiciae,  a tree dressing,  a d i s i n f e c t a n t ,  

and a horse r epe l l en t  (Table 1). 

TABLE 1. 

U S  AND SITES FOR CREOSOTE 
(Cummings, 1977 1 

. . . -  . .  

- Use - Site  

Preservat ive Wood 
Insec t ic ide  Horses and mules 

Acaricide (mites) Poultry and horses  
Arachnicide (ticks) Poultry and horses . 

Herbicide 
farms; flower beds 

Fungicide 
Insec t ic ide  Tree dressing 
(Cer ta in  in sec t s ,  worms, < 

( screwwom 1 

Along roads, highways, and fences ; 

Rope, canvas, t a rpau l ins ,  t E e  wounds 

moths and borers)  
Horse repe l len t  

Disinfectant  

Wood stalls, mangers, ga tes ,  fence 

Outhouses, water c l o s e t s ,  garbage 
r a i l s ,  pos ts ,  trees, t r a i l e r  'sites 

cans, .feeding and .watering equ.ipment 
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Creosote is  produced by t h e  d i s t i l l a t i o n  o f  c o a l  t a r  obtained from t h e  

coking of  Coal. The composition of c reoso te  is highly v a r i a b l e  and depends 

on t h e  composition of  t h e  c o a l  used t o  make t h e  t a r ,  t h e  design and operat-  

i ng  cond i t ions  of t h e  coke oven (e.g. ,  gas  c o l l e c t i o n  system, temperature,  

coking time), and t h e . d e s i g n  and ope ra t ing  cond i t ion  of t h e  still  (e .g . ,  

feed rate, temperature,  and blending of tar d i s t i l l a t i o n  f r a c t i o n s )  (43  FR 

18154, 1978). 

Continuous tar, d i s t i l l a t i o n  a t  temperatures  o f  up t o  loO°C produces 

f r a c t i o n s  t y p i c a l l y  ranging from crude benzene to res idue  p i t c n e s  (von Rum- 

ker, e t  a l .  1974). A common d i s t i l l a t i o n  temperature f o r  c r eoso te  i s  about 

200 t o  4OO0C (Hawley, 1977; von Rumket, e t  a l .  1974). The c reoso te  frac- 

t i o n  is a mixture of organic  compounds, mainly l i q u i d  and s o l i d  cyclic hy- 

drocarbons,  including two-ring and polynuclear  aromatic hydrocarbons (PAH) 

. (Table  2). Among t h e  PAH, phenanthrene r ep resen t s  12 t o  14 percent o f  t h e  

composition of ' c r e o s o t e  (Considine,  1976).  Benzo( a lpyrene (Ea?) is presen t  

a t  a concen t r a t ion  of about 200 ppm (Guerin, 1977). 

11. EXPOSURE 

A. Water 

Each year an estimated 60 t o  115 m i l l i o n  pounds (27,000-52,000 

tonnes)  of c r eoso te  are discharged i n  wastewater t reatment  ' s ludges by creo- 

s o t e  producers. A t  large t a r  d i s t i l l a t i o n  p l a n t s ,  wastewater streams con- 

t a i n i n g  c r e o s o t e  are t reated on- s i t e  and/or conveyed t o .  pub l i c  sewage treat-  

ment faci l i t ies .  Wastewater s ludges  treated on- s i t e  are t r a n s f e r r e d  t o  

l a n d f i l l  ok b u r i a l  s i t e s  (von Rumker, e t  a l .  19741,. The estimated f lux  of 

c r e o s o t e  from these d i sposa l  s i tes  ranges from 0.75 kg/m2/hr t o  11.0 

kg/m /y r  (U.S. EPA, 1980). In 1972, about one b i l l i o n  pounds ('l55,OOO 2 

, .  . .' . 



TABLE 2. 

WYSICAL AND CHEMICAL PROPERTIES OF CEOSOTE - 

Synonyms: Brick o i l ,  coa l  t a r  o i l ,  c reosote  o i l ,  creosotun, cresylic creo- 
. sote ,  dead o i l ,  heavy o i l ,  l i qu id  p i t c h  o i l ,  naphthalene o i l ,  tar  

o i l ,  wash oil 

S t r u c t u r a l  and Empirical Formula: Consists p r inc ipa l ly  of l i q u i d  and s o l i d  
cyc l i c  hydmcarbons; contains  subs t an t i a l  amounts of naphthalene 
and anthracene; 12-14 percent phenanthrene; 200 ppm benr(a)pyrene 

Molecular Weight: - 
Description: Dark bmwn green, yellowish o r  c o l o r l e s s  above 38OC, naph- 

thenic  odor; so luble  i n  a lcohol ,  benzene toluene; imniscible  
. with water 

Specific Gravity and/or. Density: ' d25 more than 1.076 
25 

Melting and/or Boiling Points:  Common d i s t i l l a t i o n  range 200 t o  4OOOC 

Stab i l i t y :  Overall degradation rate (0.48/day) = same a s  microbial  degra- 
dat ion 

So lub iUty - (wa te r ) :  approx. 5 911; sed - a 2  m.1 
Vapor Pressure:  - 

'8ioconcentration Factor  ( B o >  and/or 
Dctanol/water p a r t i t i o n  coe f f i c i en t  (Kow) :  6CF = 0.6 

KO, = 1.0 

Source: Hawlcy, G.G., 1977; Windholz, 1976; U.S. €PA, 1980; Lopedes, 1978 



tonnes) of  c z o s o t e  were used t o  p re se rve  r a i l r o a d  t ies ,  marine p i l i n g s  and 

u t i l i t y  po le s  (NIOSH, 1977a). 

Some of t h e  o rgan ic s  p re sen t  i n  c r e o s o t e  a r e  moderately so lub le .  

I t  i s  Creosote p a r t i t i o n s  between sediments and water i n  a r a t i o  of  1:s. 

cons,idered s t a b l e  i n  groundwater, b u t  decomposes a t  an estimated rate of 90 

percent  i n  f i v e  days i n  r i v e r  water flowing 50-250 miles. About 99 percent  

decomposed i n  a lake environment i n  one year (U.S. EPA, 1980). 

Creosote migrates from treated wood i n t o  t h e  environment, but  t h e  

impact of t h i s  migrat ion is unknown. Creosote.  was fuund t o  have a vapor 

l o s s  of 27.5 and 15.2 percent  fmm the o u t e r  two inches  o f  seasoned and 

green po le s ,  r e spec t ive ly ;  high residlje c r e o s o t e  was estimated t o  have a 

10.3 and 4.4 vapor l o s s ,  r e spec t ive ly .  Creosote l o s s e s  t o  t h e  a q u a t i c  envi- 

ronment are t h e  g r e a t e s t  during t h e  first years af ter  i n s t a l l a t i o n .  One 

eight-year study is summarized below (43 FR 48154, 1978). 

Creosote Loss - Year pounas/ l inear  foo t  

1 
2 
3 
4 
4-8 

0.31 
0.05 
0.06 
0.22 
0.15 (average) 

B. Food 

Naiussat and Auger (1970) found tha t  PAHs i n  a contaminated lagoon 

accumulated t o  the g r e a t e s t  e x t e n t  i n  species near  t h e  t o p  of t h e  food 

chain.  One of these compounds, BaP, has been reported t o  accumulate i n  mus- 

sels (about 50 pg/kg; 20 times background) taken f.mm creosote- t reated p i l -  

i n g s  (43 FR 48154, 1978). Elevated levels of  BaP i n  mussels growing near  

creosoted timbers or p i l i n g s  suggest  t h a t  c r eoso te  is  a s i g n i f i c a n t  source 

of  BaP i n  t h e  marine environment. This  suggestion was supported by comoari- 

0 
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sons of gas chromatography p r o f i l e s  of polycycl ic  aromatic hydrocarbons iso-  

la ted  from mussels and creosoted wood (Dunn and S t i c h ,  1976). ~ 

High levels of PAH have been found i n  commercial seafoods grown i n  

impoundments constructed of creosoted wood. Commercial sanples  of oys t e r s ,  

clans, and mussels were found t o  conta in  8 9  - a t  concentrat ions genera l ly  

less than 10 ng/g (wet weight). PA& were also found i n  cockels, abalone, 

scallous, lobster, and shrimp. Levels of BP a d  o the r  related PA& were 

found t o  be inverse ly  related t o  the b i l i t y  of t h e  species t o  m e t a o l i z e  

PAH, except i n  the case o f  lobster. Unexpectedly high l eve l s  were found in 

a l l  ed ib le  ,meat of lobsters maintained i n  commercial t i d a l  compounds con- 

s t ruc t ed  of creosoted timber: up t o  281 ig/g B e ,  303 ng/g chrysene, 222 

ng/g benzo( a> anthrzcene, 261 ng/g benzo(b If luoranthene, 153 ng/g dibenz- 

(a,h>anthra=ene, and U7 ng/g indeno( l ,2 ,3ed)pyrene  (Dunn and Fee, 1979). 

111. PHARMACOKINETICS 

A. Absorption 

Creosote is (readily) &sorbed through the  s k i n  and mucous mem- 

branes (NIOSH, 197%). 

IV.  EFFECTS 

A. Carcinogenicity 

Creosote has been associated w i t h  s e v e r a l  occupat ional  cases of  

s k i n  cancer  over a 50-year per iod (Farm Chemicals Hadbook, 1977); i ts  role  

i n  human cancer is still nOt*Ckar ly  understood (NIOSH, 19Tlb). 

Henry ( 19471, Lenson ( 19561, 0' Donovan ( 19201, Cookson ( 19241, and 

Mzkenzie ( 1898) described various kinds o f  workers who were 'occupationally 

exposed t o  creosotz  a d  developed skin tumors. Dermal appl ica t ion  of creo- 

s o t e  produced sk in  tumors i n  mice (Woodhouse, 1950; Poel  and Kanmer, l957; 

Li j insky,  e t  al. 1956; €!outwell and Bosch, 1958; Roe, e t  al. 1958). Roe, e t  



al.  (1958) a l s o  found t h a t  dermal a p p l i c a t i o n  o f  c r e o s o t e  t o  mice produced 

lung tumors. Boutwell  and Bosch ( 1 9 5 8 )  found t h a t  c r e o s o t e  had t h e  a b i l i t y  

t o  i n i t i a t e  tumor formation when appl ied f o r  a l imited per iod p r i o r  t o  

treatment w i t h  c ro ton  o i l .  Sal1 and Shear (1940) found t h a t  t h e  number of 

s k i n  tumors w a s  i nc reased  by dermal t reatment  w i t h  c r e o s o t e  and benzo(a>py- 

r ene  over  t h e  number of tumors produced by benzo(a1pyrene o r  c r e o s o t e  alone. 

There is cons ide rab le  evidence t o  show tha t  c r e o s o t e  produces tumors i n  

mice; t h a t  c r e o s o t e ,  when applied dermally,  is a tumor - in i t i a t ing  agent when 

followed by dermal t reatment  w i t h  croton oil (Boutwell  a d  Bosch, 1958); 

t h a t  c r e o s o t e  axelerates t h e  tumor product ion caused by benzo( alpyrene 

(Sal1 and Shear, 1940); and that  workers okcupat ional ly  exposed t o  c r e o s o t e  

developed tumors (Table 3).  These s t u d i e s  have no t  yet demonstrated a cor- 

r e l a t i o n  between t h e  ca rc inogen ic  potency o f  - c reoso te  o i l s  and t h e  con ten t  

o f  benzpyrene ( P a t t y ,  1963). 

Resu l t s  from dose response s t u d i e s  are summarized 'below (NIOSd, 

Concentration 
md d u r a t i o n  

100% 3x/wk 
28 wk 

20-80% 3x/wk 
6-11 wk 

100% 2x/wk 
21 wk 

DO% 3x/wk 
70 wk 

10-100% 2x/wk+ 
70 wk 

2% 2x/wk+ 
70 wk 

Effects 

Skin carcinomas i n  8 2 ,  
tumors i n  92% 

Skin carcinomas i n  88%, 
tumors i n  100% 

Skin and lung tumors 
i n  74% 

Skin tumors i n  50% 

, 
Skin tumors i n  38-74% 

. 
No tumors 

+Creosote p l u s  1 percen t  7,12-dimethylbenz( a> a n t h r z e n e .  



TABLE 3. 
007290 

SUMMARY TABLE ON 0NCC)GENICITY OF CREOSOTE 

A .  Human Case ReDorts 

Subst a c e  Occupation 
a d  Type of Exposed Type of  Tumor 

Authors Year of Exocsure Indiv iduaUs 1 Response 

Mckent ie  1896 Handling of 
Creosote 

O'Donovan 1920 Handling o f  

Cookson 1924 Handling o f  

Creosote 

Creosote 

Henry 1947 Handling o f  
Creosote 

Lenson 1956 Paint ing 07 
Creosote 

Worker who dipped Warty e leva t ion  on a s ;  
railway ties i n  papillomatous swellii'lgs 
c reosote  on scrotum 

Workers who creo- Skin cancer 
so ted  timbers 

Creosote factory  s$uanoUs epitheliomata 
worker on hand; epi thel iomatous 

depos i t s  i n  l i v e r ,  lungs,  
kidneys and h e a r t  walls 

37 men of various Cutaneous ep i the l iomata  
occupations 

Shipyard worker Malignant cutaneous 
tumors of the f z e  

8. Animal S tudies  
D e n a l  Exoosure 

Subst anC8 Animal and Type of Tumor 
Authors Year Tested S t r a i n  Resoonse 

Sal1 and 1940 Creosote and Mice (S t r a in  A )  Accelerated tumor forma- 
Shear benzo( alpyrene t i o n  

Woodhouse 1950 Creosote o i l  Mice (Albino; P q i l l o m a s  and carcinomas 

Lijinsky , 1956 ltl creosote  Mice - Swiss Papillomas a d  carcinomas 
e t  al .  o i  1 

Undefined s t r a i n )  

Poel  and 1957 Blended creo- Mice (Cm Papi l lomas  and carcinomas 
Kamner sote o i l s ;  S t r a i n )  metstatic growths i n  

lungs and lymph nodes 
K g h t  c reosote  Mice (CS7L Papillomas 
o i  1 S t r a i n )  

.Boutwell 1958 Creosote Mice (Albino - Pap i l lomas  and carcinomas 
a d  Bosch (Carbasot a) r adorn bred - - .  - 

Roe , 19 58 
e t  al. 

. : .  

. . .. . . )  I 
. , I .  . , ,  

: .: . .. .:, I .  

Creosote oil 
(Carbasot a) 

Mice (Strain 
Undefined) 

d 
LU1 

53-10 

Skin and lung tumors 



6 .  Mutagenicitv .. . 

Simmon and Poole (1978) found t h a t ,  following metabolic a c t i v a t i o n  

by Arcchlor 1254-stimulated ra t  l iver homogenate, both t h e  c reoso te  P1  and 

t h e  c o a l  t a r - c reoso te  P2 produced a mutagenic dose-resDonse and a doubling 

above background mutation rate w i t h  Salmonella tvphimurium s t r a i n s  TA 1537, 

TA 98, and TA 100. Mitchell and T a j i r i  (1978) found tha t ,  following meta- 

b o l i c  a c t i v a t i o n  by Amchlor 1254-stimulated rat l i v e r  homogenate, c r eoso te  

P1 and c o a l  t a r  c reoso te  P2 increased t h e  number of forward mutations a t  t h e  

thymidine k inase  locus o f  L5178Y mouse lymphoma cel ls  i n  a dose-related man- 

ner. There is considerable  evidence which proves t ha t  c reoso te  P1 and P2 

cause mutations i n  Salmonella typhimuri\m s t r a i n s  TA 1537, TA 98 and TA 100, 

and i n  L5178Y nouse lymphoma cells. 

C. Teratogenici ty  and Other Reproductive Effects 

I n v e s t i g a t i o n s  u t i l i z i n g  pregnant swine i n d i c a t e  t h a t  direct con- 

tact  w i t h  lumber f r e s h l y  t reated w i t h  c r e o s o t e  would produce a c u t e  toxico- 

sis, r e s u l t i n g  i n  ex tens ive  m o r t a l i t y  i n  newborn swine. The direct c o n t a c t  

of the pregnant sow w i t h  lumber f r e s h l y  treated w i t h  c reoso te  provides suf-  

f i c i e n t  dermal absorpt ion t o  cause fe ta l  dea ths  and weak p i g s  a t  b i r t h .  

Creosote is  extremely t o x i c  t o  young swine; t h e  degree o f  t o x i c i t y  l e s s e n s  

as  t h e  p i g s  become o l d e r  (Schipper, 1961). 

D. Chronic and Acute Toxici ty  

Skin con tac t  w i t h  c r eoso te  o r  exposure t o  i ts  vapors may cuase 

burning, i t c h i n g ,  papular and v a s i c u l a r  e r u p t i o n s ,  o r  gangrene. Eye i n j u r -  

ies can inc lude  kerat i t is ,  c o n j u n c t i v i t i s ,  and t o r n e a l  abrasion ( P a t t y ,  

1963). Exposed s k i n  shows increased s u s c e p t i b i l i t y  t o  sunburn, an effect 

a t t r i b u t e d  t o  photo-toxic substances usua l ly  p re sen t  i n  commercial grades of  

creosote .  Eventual ly ,  exposed s k i n  areas become hyperpigmented (NIOSH, 

197%). 



Serious systemic effects, including cardiovascular  co l lapse  and 

death,  have been observed only after inges t ion  (NIO.9, 197%). F a t a l i t i e s  

have occurred w i t h i n  l l r  t o  36 hours a f t e r  ingest ion of  7 g u n s  by a d u l t s  o r  

1 t o  2 grams by chi ldren.  Symptoms of systemic i l l n e s s  include s a l i v a t i o n ,  

vomiting , resp i ra tory  d i f f i c u l t i e s ,  ver t igo ,  hypothermia, cyanosis,  and mild 

convulsion ( P a t t y ,  1963). Once widely  used i n  medicine, occasional  in- 

s tances  of self-medicat ion are still reported and sometimes lead t o  chronic  

v isua l  d i s t u a a n c e s ,  hypertension , and g a s t r o i n t e s t i n a l  bleeding ( N I O S i ,  

197%). 

The oral LD50 i n  rats is estimated a t  725 mg creosote  per ki lo-  

The reported LDLo f o r  dogs, cats, and r a b b i t s  gram body weight (mg/kg). 

is 600 mg/kg (Fa i rch i ld ,  1977). 

V. AQUATIC T O X I C I T I  

4 

Ellis (1943) found fish k i l l s  occurring a t  creosote  conc, mntrations a s  

IC.# as  6.0 mg/l i n  less ' h n  10 hours. Applegate, e t  a l .  (19571, using 

s m a l l  numbers o f  subjec ts ,  found t h a t  concentrat ions of 5.C mg/l producEd no 

m o r t a l i t i e s  i n  rainbow t r o u t  (Salmo oa inner i )  , b l u e g i l l  (Leciomis macro- 

c h i n s ) ,  o r  lamprey la rvae  (Petromyzon marinus). 

- - 

The 84ay  a 5 0  of a 60:40 mixture of creosote  and c o a l  t a r  i n  bob- 

white qua i l  (Colinus viroinianus)  was reported t o  be about 1,260 ppm; i n  the 

mallard duck (Anas - platyrhvnchos),  10,388 ppm. The 24-hour 50 percent medi- 

um tolerance limit (n,) of the c r e o s o t e k o a l  t a r  mixture was 3.72 ppm i n  . 

rainbow t r o u t  (Salmo qainner i )  and 4.42 ppm i n  the b l u e g i l l  (Leoomis macro- 

ChiruS). The 2 W x m  n50 Concentrations i n  goldf ish (Carrasius  au ra tus )  

and rainbow t rou t  were 3.51 and 2.6 ppm, respectively (Webb, 1975). - 



V I .  EXISTING GUIDELINES AND STANDARDS 

The Office o f  Toxic Substances o f  EPA has i s s u e d  GPAR on c r e o s o t e  and 

is cont inuing p re regu la to ry  assessment under Sec t ion  6 o f  the Fede ra l  Insec- 

t ic ide,  Fungicide and Rodenticide Act. 

A time-weighted average c r e o s o t e  concen t r a t ion  o f  0.1  mg/m3 has been 

recommended for  occupa t iona l  air exposure. 

The aqua t i c  t o x i c i t y  r a t i n g  f o r  c r e o s o t e  is repor t ed  as T h g 6  = 10-1 

ppm ( F a i r c h i l d ,  l9TI). 

KI 000663 
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DISCLAIMER 

T h i s  report r e p r e s e n t s  a s u r v e y  of t h e  p o t e n t i a l  hea l th  
and  e n v i r o n m e n t a l  hazards  from e x p o s u r e  t o  t h e  s u b j e c t  cherni- 
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e n s u r e  i ts  t e c h n i c a l  a c a r a c y .  

. . ,  . 
, .  

< -  

e 



Cresol and Cresylic Acid 

SJ-27-12 

I. INTRODUCTION 

Cresols are methyl phenols with methyl group at the 

0 - ,  p-, m- position. It has a molecular weight of 108, a 

melting point of between 11-35°C and a boiling point of 

between 191-203°C. It is slightly soluble in water, but 

soluble in alcohols, glycols, dilute alkalis, ether and 

chloroform. Cresylic acid is the refined product from coal 

tar and contains the three isomers of cresol (the crude 

product from coal tar is creosote). 
0 

Cresols are quite stable in soil due to their antimicro- 

bial properties. o-cresol is degraded in air to quinones and 

dihydroxybenzene by 03 with an estimated half-life of 1 day. 

The m- and p- isomers are expected to behave similarly. 

Cresols are used as disinfectants, agricultural chemicals, 

solvents, chemical intermediates, metal cleaners, and motor 

oil additives. p-cresol is permitted in U . S .  as a food. 

flavoring and for fragradce in soaps, lotions and perfumes. 

Annual production if 150 million pounds. NIOSHI estimates 

I 

that the annual environmental release of the mixed isomers is 

30 million pounds. 

If. PHARMACOKINETICS 

Cresols are rapidly metabolized and thus unlikely to bio- 

accumulate in mammals.2 

111. EFFECTS ON MAMMALS 

A. Carcinogenicity: CAG2 concluded that the data base 

.. . .. ....,. 



f o r  t h i s  c h e m i c a l  is weak.  No d a t a  e x i s t  o n  w h i c h  t o  d e t e r m i n e  

c a r c i n o g e n e s i s  i n  m i c e .  The l i t e r a t u r e  c i t e s  t h r e e  c a s e  

r e p p r t s  o f  c a n c e r  i n  humans o c c u p a t i o n a l y  e x p o s e d .  

B. M u t a g e n i c i t y :  CAG2 c o n c l u d e d  t h a t  c r e s o l s  c a u s e  

chromosome f r a g m e n t a t i o n  i n  p l a n t s .  No o t h e r  m u t a g e n i c i t y  

s t u d i e s  h a v e  b e e n  d o n e .  

C. T o x i c i t y :  They a r e  c o r r o s i v e  t o  t h e  s k i n  a n d  

mucuous membranes  a n d  m o d e r a t e l y  t o x i c  by i n g e s t i o n  a n d  d e r m a l  

exposure. The o r g a n s  a f f e c t e d  a r e  CNS, l i v e r ,  l u n g ,  k i d n e y s ,  

s t o m a c h ,  e y e s ,  a n d  h e a r t .  No e p i d e m i o l o g i c a l  s t u d i e s  o f  

w o r k e r s  h a v e  b e e n  d 0 n e . l  

IV. EXISTING GUIDELINES 

The c u r r e n t  o c c u p a t i o n a l  s t a n d a r d  (TWA) i s  5 ppm. N I O S B l  

recommepds  a l o w e r i n g  t o  2 . 3  ppm. 

- . .  . .  - 1  -. . . .  
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POREWORD 

T h i s  doss iez  has been prep&ed by Cement  Xssocia=es,  Inc.  
(Clement) , i n  p a r t i a l  f u l f i l b e n t  of Contrect  N S P - C - S W 7 7 - 1 5 4 1 7 ,  
sgonsored by Lbe National  Science TourJeation, t o  provide techni- 
cal supoort  t o  the Toxic Scbstances C c n k o l  A c t  (TSCA) Intesagency 
Tes*&g CoEnitaGe. T h e  Committee is charged wit!! &&e r e s p o n s i b i l i t y  
f o r  making recommendations t o  the Administzator or' the invironmental  
P ro tec t ion  Agency (=A) regarding chemical subs,tances or mixtures  
w h i c h  should be given p r i o z i t y  by =A f o r  t e s d g  to dete-e ad- 
verse  effects on man o r  t!e environment. 

The dossier was desiv.ed t o  proviee the Committee With i n fo r -  
mation on 'de chemical's phys ica l  and ciiemical p r o p e r t i e s ,  w o s u = e  
Characteris'Lcs, an6 b i o l o q i c a l  prope-rties in s u f f i c i e n t  d e t a i l  t o  
suppor t  q. informed judgnent on whether the sr3stance should be siven 
p r i o r i t y  f o r  t e s t i n g . .  The d o s s i e r  is  not intended t o  r e p r e s e n t  a CCP- 
prehensive c r i t i ca l  review. 'Such a .review could n o t  be perfume6 wi'.,FI 
die cunst=aints  imposed upon the Committee (and, therefore, the con- 
tractor) by the statutory deadl ines  o f  TSCA. 

- 

Faced with &e task of prepa r i ag  dossiers w h i c ?  could be quick- 
ly assembled and y e t  contain s u f f i c i e n t  h f o r z i a t i o n  f o r  'rhe C c m m i t -  
tee's p q o s e s ,  C l e m e n t  proceeded along. ee following li-res. 

o f  Medicine's TO=- and the %mi=onme.ntal Mutrgen Info,-=ta+don 
C e n t e r  ( Z M K )  automatee data banks. E c c h  r e fe rence  on a l ist  of 

. sources o f  general info=zaztion (see "Genesal Xefezences" i n  b i b l i o -  
p a g h y )  was reviewed. Fttrther r e fe rences  and int'ornat&on w e r e  
obtained frm moxo5raphs, cr i ter ia  dokuments, reviews, and repor*& 
availa5le From government agency files and k a d e  association li- 
braries. Iaforztathon received i z i  resgonse tu the Conmittee's July 
1977 Fedezal Reu i s t e r  n o t i c e  reques*hg information on ce r t ah  
sirbstances wes reviewed. Clement scientists rel ied upon t!!eiz own 
howledge  of the litexatwe t o  a u g w z t  the eata sources.  

- .  
Literature searches were con6ucted using tLe National  Library 

In genera l ,  seconda--4, sources w e e  rel ied upon in prepaxing 
. the dossiers. .When an article was judged- to con ta in  information 

of major. significance o r  to. requize a criticalpreview the primary 
source was consul teda The text makes clear whethex a primary or 
secondary source o f  information w a s  used. 

. 

- -- -. . . . I- .-. 



KEY TO ABBEVIATIONS 

TCLo - Lowest published t o x i c  concentrat ion - the concentrat ion of a substznce i n  air which has ' 

been re?orted t o  produce a y  t o x i c  effect  i n  animals 
o r  humans over any given exposure tine. 

TDLo - Lowest pyblished t o x i c  dose - the  lowest dose of a substance introduced by any 
rou te  otae2'tha.n inha la t ion  over any given per iod  
of time that  has been reaor ted  to produce any toxic  
. e f f e c t  i n  anixals o r  humans. 

LCLo - L c w e s t  published lethal concenkat ion '  - the lowest concentzation of a substance,  o t h e r  than . 
LCSO, i n  a i r  that  has been reported t o  have 

caused death i n  humans o r  animals over any given 
e q o s u r e  time. 

LDLo - Lowest a&lished le thal  dose - '&e lowest  dose of a subst tnce other  thzn LDSO 
introduced by zny rou te  o the r  than i nha la t ion  over 
any given per iod  of time tha t  has been repozted t o  
have caused d e a 5  i n  humans o r  zniraals. 

LCfO - Median l e th t l  concentrzt ion - the concencu'ztion of a tes t  materiel that  kills 50 
pes c e n t  of an experimental  ariimal population 
w i t h h  a given time period. 

. '  . .  . .  

LD50 - Median lethal dose - the dose of a t e s t  material, introduced by m y  route 
other thm i n h a l a t i o n ,  t h a t  k i l l s  50 'gercent  of an 
experimental  animal po?ulstior. within a. given t i m e  
period. 

LTSO - Meam Letha l  Response Time 
-Stat is t ical  estimate of the t h e  from dosage t o  the 

death  o f  5 0  percen t  of the organisms in the population 
subjected t o  a toxicant under specified condi t ions.  

f 

TLm - Median tolerance limit - the concentrat ion of,a test material a t  which 50  p e r  
c e n t  of an w e r i m e n t a l  animal population are able 
t o  survive f o r  a s p e c i f i e d  time period. 

TI,@- Thzaskold 1-t value - *&e airborne concentrat ion of a substance t o  which 
nearfy a l l  workers nay be repeatedly exTosed day 
after 6ay without adverse effect. 

. . .  



- *de time-weishted cvesaqe c o n r a n c a t i o n  of B 
substance ?or an 8-houz workzzy o= 4 0 - h ~ ~ ~  
workweek, t o  wnich neasly a l l  workers mzy be 
repeatedly exposed, 6ay a f t e r  day, wibhcut 
adverse effect ,  

TL P -TWA = T-breshold lLzt value - tine weiGh'.,ed averzge 

- tlie.mwimal concentration of a s-stance t o  which 
workers can be exiosed for up t o  15 minutes 
without s u f f e r b g  acute o r  ci-onic tox ic  el-Lects. 
No more than four excxrsions per day a r e  ?e=-. 
mitted. There must be cf l e a s t  60 m b u t e s  
between.exposure periods. The d a i l y  TLV-TWA 
must not be exceeded. 

TL I F  =STEL- Threshold limit value - short term exposure 1-t- 

C .  

BOD - Biochemical oxygen hemmd - a measure of the presence of o r ~ a n i c  matsirls 
which will be oxidized bioloslcel ly  i n  bodies 
of water. 

NOHS Occu9ational wosure: 

-Rank - an orderias o f  L\e appzoxkaztely 7 0 0 0  hazt-2s 
occurring i n  the workalrce f=om most camon  to 
leas+ c-on 

- Estimatednumber of persons e q o s e d  - includes full- and ?&*---e workers.. For hazards 
ranked 1 L~-o-oush ZOO, t!!e figure projected. to 
national statistics by NIOSZ is given; f o r  t h e  re- 
mainins b z a r d s  the n-ez or' geopie -Osee given 
ia  the survey was multir,lieC .by a fixed nuzrber t o  
gave a rough estimate of  n a t i o x l  w o s u r e .  The 
fixed number used, --30-, is 6erived from t h e  sta- 
t i s t i c a l  sampling technique used in t h i s  s w e y .  

i - irrsoluble 

S - soluble 

. 

bz - benzene 

.. .,. . - .t..:... .. 
. .  
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eth 

peth 

ace 

l i g  

alC 

CC14 

00s 

ether 

petroleum ether 

acetone 

l i g r o i n  . 

alcphol . 
e 

carbon 

d i l u t e  

carbon 

tetrachloride . 

alkalis 

disulfide- . _. 
-'-i 

organic solvents ' 

ordhary o r s a i c  solvents 

. .  
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CRESOLS . 

There are tbree isorn&s of cresol: - 0-cresol, E-czesoI, 
and E-cresol. ,,All: three isomcs as w e l l  as mixtlt'es =e ct- 

i c l e s  o f  commerce.' 

qerature ( m e l u g  point& 11-3S°C). They are slrghtly soltlble 

ia w a t e r  and soluble ip-orgz&c solvents .  

Cresols a r e  solid or l iqu id  a t  rocm tern- 

T o t a l  annual pmductLon o f  cresols in  tne United States i s  

a r o b a l y  in excess of 100 m i l l i o n  pouncs. They are used for 

a wide variety o f  p w o s e s ,  inclurting uses as d i s i n f e c - a t s ,  

S O l f l e n t s ,  in ore f l o t a t i o n ,  and as inte,'=na&c+es in  tne pro- 

duedon of Bhosghate esters and ghenolfc resins. The nrrmbez 

of  persons occqatLonally w o s e d  f a  ctesols is estimated to 

5e t w o  mill ion.  They aze also present in a number of con- 

sumer proccc ' t ,  includk3g &sfIlfec*zts, metal clecners, ana 

mator o i l  asciitives. 

Cresols are  manufactured both f r o m  petroleum and Z=om 

'coal. The composition o f  the commercial products depends 

on the method o f  production and upon the degree of r e f u g e  

Cresols are  sold a wide varkety o f  gzades,. varying i a  cam- 

position, &lor, and boiling ranger 

crmxnonly c a n t a b  xylenols and phenol. A less refined pro- 

Technic& grade cresols 

duct called creosote o i l  contains 10020% by volume of tar from 

the cgking precess. 
- .  



Cresols  a r e  re1at;vely e a s i l y  metabohzed by mammals 'and 

micro-or5znisns and are unl ike ly  t o  ur.derTo SigniflCant bio- 

a c c m u l t t i o n .  

and demcl exlosu=e, and a r e  corros ive  t o  skin and o t h e r  t i s s u e s .  

N o  da ta  a r e  a v a i l a b l e  on t h e i r  t o x i c i t y  by inha la t ion .  

i n fo rnz t ion  &+ a v a i l a b l e  on effects of chronic exposure. 

They a r e  moderately t o x l c  t o  n z m a l s  by i n s e s e o n  

LitCcle . 

. .  
13 one e q e r i m e n t  a l l  'three isomers of c r e s o l  were re- 

ported t o  promote the carcinogenici ty  of Zirnethy&e.rlzz.L!acene 

cn mouse skin.  E-Cresol caused developmental abnorinali&des in .  

toad enb'*os. 

able on the p o t e n t i a l  c a r c i n o g d c a t y ,  mutagenicity, o r  te ra to-  

g e n i c i t y  of c reso ls .  

Otherwise, nb s i q i f i c a n t  inforna t ion  i s  avail-  

Cresols have a broad s p e c L z  of t o x i c i t y  t o  micro-organisms 

a d  ase used as d;sinfec+mts zzd fungicides.  

o t h e r  infozrPa-Aon on theis a o t e n t i a l  t o x i c i t y  t o  w i l d l i f e .  

There is l i t t l e  



Czesol (nixed. isomers 1 I. 

I d e n t i f i c a t i o n  CAS No. 001319773 
. N I O S H  NO. GO59500 

1.1 

. 1.2 Synonyms and, ,Trade N a m e s  

Cesyric acid: methyl phenol; hydsoxytoluene 
k i creso l ;  eresylol . 

f10.3 CSeaical Forixula and Moieculkr Weicht 

OH 
I ". . .  

I '7=8' Mol. Wt. 108.15 .. 

(G23l 

1.4 CSemical and Physical Properties 
1.4.1 Descrigtion: A - m i x t u r e  of isomers in which 

m-isomer predominates, ob-dined 
From coal tar or petcolel=; 
colorless, yellow or ?i.?kisli 
liquid; phezollc o lor ;  comjus-ale; 
becomes darker w i t h  age and on 
exposuse. to light . 

(G2I,G23) 

191 - 203' C (G2ll 

(G21) 

1.4.2 3oil iag Point: 

1 . 4  ..3 Melting Point :  11 - 3 5 O  c . 

1.4.4 Absorption Spect'ometry: 

No iafonnatfon foune in sources searched 
9 

No information found in sources searched 

Soluble is alcohol, glycol, 
d i l u t e  alkalis, ether, chloro- 
form: 
S l i g h t l y  soluble in w a t e r  

1.4.5 V a w r  P, Vessure : 

1 . 4  . 6 Solubilitv: 

(G21, G2Sl 

1.4.7 .Octanol/Water Partition Coef f i c i en t :  
- 

I 
. .  



1.5.1 Pzxtact ion:  Mill ion U s  (1968) - 
Million U s  (1973) 

1-5-2 =: AS a disin5ectm.t;  i n t e m e d l a t e  i n  mtnufactur- 
ing  of phenolic r e s i n s ,  t r i c r e s Y l  phOS?hZ==, 
salacylaldehyce,  caumarln, and herbicides;  cs 
an ore floka+aon egent;  a s  a t e x t i l e  s c o c i n g  
agent; as an organrc intermediate;  as a suy-. . 

t e  - -*.*-- 

f ,ac tan t  

Quant i ta t ive Dzs tz iSu5on .cf Uses: 

Pbospnate esters 
Magnet w i r e  

Resins 

L . .  

. *  Antioxxeants --.- 

Expozts 
Cleantng and d i s i n f e c t a n t  

compounds 
O r e  f l o t a t i o n  

. Mscel laneous  

w s t r m e z  Product Info-Dation: 

Cresol is present in: 

Percent 
22 
15 
15 
15 
10 

6 .  

6 
11 
100 
- 

automouve par*& c leanar  
metal clearrer, s*Cipoes, degreaser _ _  ~ 

d i s i n f e c t a n t  
motor o i l  a d d u v e  
carbon remover 
embauninq suppl ies  

1-5-2 looeS Occuuational Exbosure: 

( G 2 5 )  

Rank: 105 

Estimates no. o f  persons ex?cseu: 



. 

- II. 
1.1 

1.2 

1.3 

1.4 

M11. wt. 108.15 

(a) 
and P-hysical 'es 

1.4.1 

1.4.2 

1.4.3 

1.4.4 

. .  

L4.5 

104.6 

1.4.7 
. .  

BQ;w Xint: 202.2O c 

= 2U, 271,277 hewne 
L i  

. f = 3-79? 3.20, 3.27 ' 



. .  



CRESOLS 

III. . 

1.1 I d e n t i f i c a t i o n  CAS No. .000095487 
NIOSB No. GO63000 

1.2 SFAonyms and Trade Nunes 

- o-C-esyllc acid'; o-methyl phenol: 2-nethy p e n o l ;  
or+hoc=esol; l-hy~=oxy-2-ne~ylbenzene; o-hykoxy-  
to luene  ; E-methylphenol; 2-oxytoluene; 2=hy&oxy- ' 

to luene  (G16) 

1.3 Chenical Formula and Molecular Weiuht 

OH 

3t. 108.15 

._ . . _. 

(G22) 

1 . 4 .  Cherniczl end P h y s i c r l  b r o p e r t i e s  

1 . 4 . 1  Descr ipt ion:  White crystals; phenol- l ike o&r ;  
canbus t ib le ;  becomes d a r k  wib& age 
and exposure t o  air end l i 5 h t .  

. 1 . 4 . 2  Boi l ing  Point:, 190.95O c 
1.4.3 Melting Point: 30.94O C 

1 . 4  . 4 A b s o n t i o n  Spec+zomew : 

1.4.5 Vapor Pressure:  1 mm a t  38.2' C (G22) 

1 . 4 . 6  S o l u b i l i t v :  Soluble  i n  w a t e r  and orCir,aqv 
o rgan ic  solvents: 

Soluble  i n  a l l  p ropor t iozs  iz 
ace tone l  benzene, ccrbon teb,ra=nlori2e 

- . Very s o l u b l e  jn a lcoho l  and ether; 

. .  (G22) 



. 

L . 5  

I- 6 

1 . 4 . 7  Octanolfiqater I z r c t l o n  Coefficient: 

Lbg Poet = 3 . 4 0  

P r o d t t c t i o n  ezd Use 

1 5.  L Production : 49..700 Mil l ion  Lss 
2 0 . 4 8 1  Mill ion 1ss 

' e  2 2 . 1 8 7  U l l i o n  l b s  

1.5.2 Use: DisLnfecttt-; solvent 

E-osuze Estmtes  

1 0 6 . 1  Relecse Rate: 1 S . b  M i L l a C n  Ibs 

1 . 6 . 2  NOHS Occupational Emosure: 

. Rank: 1480  

Estimates no. of peItons exposed: 
*rough estimate (G29) 

5 2 r 0 0 0 *  

. .  I. 7 Manufaeturezs 

fram coal +ar: 

Koppers CC., Inc. 
FGO C o q .  

from petzolem: 

Merimem Co. 
Ferro C o e .  
Shenua-Williams Co 

(G24) 

... 

. . . . .  ._ . .... -. . - . . . - ... - .. 



CRESOLS 

N. 2-Cresol 

1.1 I d e n t i f i c z t f o n  CAS No.: 000106445 
NIOSH No.: GO64750 

'l.2 Synonms and'trade N a m e s  

4-C=esol; 2-cresylic acia; l-hydroxy-4-me~~yIbenzenzene; 2- 
hydroxytoluene ; 4-hydroxytoluene; p K = e S O l ;  l-ae*Ayl-4- 
hydroxybenzene : 2-methylghenol : 4-methylphenol; 2 - o q t o -  
luene; para-czesol; p4;rcme+lFlyl phenol 

(G16 1 

1 . 3  Chemica3 Fornula and Molecular Weicht 

'7'8' 

1 . 4  Chemical a32 Phvsica l  P r o g e l t i e s  

1.4.1 mass; phenol - l ike  DescrLption : * Clystalline 
odoz 

1 .4 .2  

1.4.3- 

* 1.4.4 

(G221 B o i l i n g  ?oint :  201.9' C 

(G22 1 Meltinq Point:  34.8' C 

Abso-Ttion Spectrcmet-y : 

' .  

fog € = 3.23 

1.4.5 

1.4.6 

Vamor Pressure: 1 nun at 53.0' C 

S l i g h t l y  soluble i n  water; 
Soluble .in hot water, organ ic  solvents; 

S o l u b i l i t y :  

Soluble in all proportions in alcohol, 
ether, acetone ,  ben2er.e and carbbn , 
t e t z a c i l o r i d e  

(G22) 

Octanol/Water P a r t i t i o n  C o e f f i c i e n t  



. 
1-5 Pzoduct ion and Use 

1-5.1 Pzoluc t ion :  

No bforsla'cion found in s o u k e s  seP-chei . 

1.5.2 E: As a c h d c z l  inte,r3e*Aate 

1 - 6  Exposare %&&ate ' 

(6241 

1.6.1 Release RHte:' 

NO b f o z z a a t i o n  found $3 s o u x e s  searrhee 
.- 1.6.2 NOSS O c c u w t i d n a l  Exlosure 

C .  Rank.:. 2466 

Sstimated no. of persoas -Osee: 14,000+ 

. trough estimate 

. .  

(G29) 

b 

000685 



!. 
solubility 

s in alc, g l v l ,  
d i l .  alk, eth8 

Clll  . 
ss i n  1120 

vs in Qlc and eth. 
00 in ace, bz, (3Cl4. 

- Pact 
2.70 

s 

3 040 

2 . 3 7  

' 2 .35  

. 

E s t h t c d  
Envirornrrital 

Release ' 

(Million lbs) 

30.4 

15.6 

**  

* 

* . k 9,000 

4 14,000 

us - 
Dlsinfectiint; phenolic 
resins; tricresyl @os- 
phate; ore f lotat ion;  
textile scour- agent; 
organic intermediate; 
nEg. of salicylaldchydc 
c o w r i n ,  and herbicides 
surfactant 

Disinfectant, solvent  

cyclic i n t e n d l a t e  



CRESOLS 
PA= 11. 

BIOLOGICAL ?R~SX!IZS 
0 

2.1 Bioaccuzrulation 
Log octznol/water gark i t ion  coefficients are  3 . 4 0 r  2.37f an$ 

2.3s for the 57, E-, and e-isome,rs, respectively ( G l f )  . The-Ugh 
part i t ion  coeff ic iFt  of the 2-isomer is due t o  the steric effect 
of  the me6dyl qrou? an &e hydroxyl g=ou?. T S e  high octanol/ . 
water 3,ut i t ion coeff ic ients  of t!!e cresols indiczte thct bio- 
actumulation ia aquatic organisms is a possibility, but sgecific 
data on such bioacEumulation are not available. By analogy w i t h  

phenol, w h i c h  appears to be completely elininated from the body 
. within 24 hours (G19)? it is e q e c t e d  that cresols would n o t  be 

bfoaccumulated i n  m a x x d s :  Cresols in waste waters near indust-. 
rial p l a t s  aze repozted to underso ra9id biodegradation (G13)0 
whi&iaZicatej that cresols, like phenol, aze rela'doely easily 

. .  
. .  2-2 rrrr=3zZts rr?d axvi---cLza3. >- *  or^= 

Products 
G-esols a i e  sold in a wide variety of technical and spec ia l  

grades, c l a s s i f i e d  by co lor  and disci l lc+ion range (G25). The 
composition of the various matpzials depends upon the start ing 
material ancl the met!xod of produc~kon. 
is the --acid o i l  obtaiaed as a by-product of -king of  coal (G25).  

A major source of czesols 

Cresols (boiling above 2040C)r avdlable as a mixture o f  20, 

. and risomers f- t a r  acids. are a e d  cresylic acid. A less - 

refined product called cteosote .o i l  contains &0-20% by volume of  
+he t a r  *om the caking process; it is used as  a wood p r e s m a e v e  
( G Z S ) .  Creosote oil may c o n t a b  polynuclear aromatic hyd-ocarbons. 
Xylenols and phenol are canrmhn imputides (or ingredients) ,of tecfi- 
nical grade cresols ( G t f )  . 



8 The high environmental s t a b i l i t y  of t h e  c re so l s  in  soils 
. (owing t o  t h e i r  a n t l n i c r o b i z l  p rope r t i e s )  contzibutes  t o  'heir 

C-Czesol i s  degra&ed by widessread use 2s wood perse,Tatives, 
the  hydroxyl r e d i c z l  and ozone i n  a i r  and by organic pesoxide 
r a d i c a l s  i n  water; half  l i f e  est imates  a r e  less *ban 1 day i n  
a i r  and 10 days i n  watez (G14). The m- - and E-isomers a r e  ex- 
petted t o  behave s i n i l a r l y .  
t o  be by a i r  oxiCation t o  g ive  quinones and dihydroxybentenes (G14). 

Envizomental  deqrzdation is l i k e l y  

. ' b  

Biodesradation 'products of c r e so l s  by sewage nicroorganisms 
inc luae  crrbon Sioxide,  methane, 3-methylcatechol, 2-hydroxy-6- 
oxahe?tz-2,4-dienoic a c i 8 ,  oxa l i c  ac i2 ,  pyrocatecho1,carSoxylic 
ac id ,  ane s a l i c y l i c  a c i d  (G14). By analogy with phenol, c r e s o l s  . 
may be me&ylated i n  a e  environment t o  fora the correspocding 
an iso les .  

2.3 Acute Toxici ty  

The . _.. NIOSH . Regist-7 of Toxic E f fec t s  of Chemical Substances 
c re so l s  as follows: - (G16) resorts t h e  acute  t o x i c i t y  of 

Su5stmce Parazneter Dosaoe 

Cresol LDSO 1454 mg/kg 
LDSO 861 mgFg 

0-Cresol - LDSO 
LDSO 
LDSO 
LDLO 
LDLO - 
LDLo 
Lo50 
LDLO 
LDLO 
LDLO 
LDLo 

m-Cresol LDSO 
LDSO 
LDSO 
LD50 
LDLo 
LDLo 
LDLo 

- 

~~ 

LCSO 
LDLo 
LDLo- 

242 mg/kg 
620 mg/kg 
350 mgFg 
828 mq/kg 
450 mg/kg 
180  mg/kq 

1.400 3 g / k g  
2050 rng/kg 

500 mg/kg 

Animal 

r a t  
mouse 

r a t  
r a t  

mouse 
mouse 

cat  
rabbit  
rabbit  
r a b b i t  
r a b b i t  

Ginea p i g  
frog 9 

Route 

o r a l  
o r a l  

o r a l  
sk in  
oral 

o r a l  
s k i n  

subcutaneous 
intravenotif 

i n t r a p e r i t o n e a l  
subcutaneous 

subcutaneous 
subcutmeous 

r a t  ' o r a l  
skin 

U n k n O W l  
r a t  
ra t  

mouse o r a l  
raouse subcutaneous 

c a t  - subcutaneous 
rabbi t  oral 
rabbit  Skin 
r a b b i t  subcutaneous 
r a b b i t  intravenous .-._ - - 

LDLO 100 mg/kg guinea pAg intrapexktonea-1------ 
LDLO 250 mg/kg . frog - 

J%J 3 
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( con*dnuedl 
Substance Parameter 

Lo50 
LDSO 
LDSO 
LDLO 
Lo50 . 

LDLO 
LD50 
LDLO 
LDLO 
LDLO 
LDLO - 

LPLO 

Animal . Route 

r a t  
r a t  

mouse 
muse 
mouse 
cat 

rabbi t  
rabbit  
r a b b i t  
rabbit 

e a  p i g  
209 

o r a l  
s k b  
o r a l  

subcutaneous 
taducwa 

S u b ~ t r a e o u s  
0- 
S k i 3  

subcutaseous 
in'.savE:ous . 

i n t zape r i tonea l  
subcutazzeous 

-. . 

exposures can cause musculk- weakness, gas t roenter ic  disturbcnces, 
severe depression, co l lapse ,  and dea+th (G38). O r q w  by 
c,-esols include the c e n t r d  nezrvou3 system, ~ v e r ,  kidneys, lungs, 
pancreas, qleen ,  eyes, heart, and Jcin (as).. 'l3e t y i ~  of v m -  
to c reso l s  determines, in pa?rt,,the t o L c  effects. 
corros ive  t o  any essues they  contac t  (GS) and &-e r e a d i l y  z5sorbd 
by skin and mucous mPmhraaes. S y s t d c  effect&, i n c l u l i n g  d e r t h ,  

o c a  after dermal wosure -  m e  the i r  vaaor pressue  is low 
at 25OC, c reso l s  do no t  usually c o n s t i t u t e  an acute  inhalatisa 
h a z e d .  

Cresols axe his5 

No'data are available on the t o x i c i t y  of cresol v z p o r s  to 

In animals, cresol toxicity varies wi*& the isomer, the speeias 
and the route of exposure. 
mgng in the rat (oral,  -weso l )  to a high of 2050 -/kg in the 

effects of the W e %  isomers includes the obsezkt ion  that tbe r a t i a s  
between t?e LDSOs of the least t d c  and most -toxic isomers -7 
as low as 1.8 (cutaneous, rat) to as high as 6.8 ( cu taneous ,* r&i t ) .  
m e m o r e  , :-cresol , but neither 5- nor E-czesol , producee. 
permanent pigment loss b the h& of mice (I). 

Reported LD50s.vtcy from a low of 121 

Epidena for d i f f P r e n t  b i o l o q i c d  - rabbit (skin, m-cresol) - (G16) . 

2.4  Other Toxic Effec t s  

. m n i c  poisoning fzom e s a q t i o n  of cresols ticrr~cgi~ *e ski=,  

- . . .. . ... - . . . . . - - - . - . . - . . . . . 
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mucous menbranes o r  r e s p i r a t o r y  t r a c t  has no t  k ~ w  s-w&. 

Canpbel l  ( 2 )  presented incomplete s tud ie s  showicg that e q o s u r e  
of mice t o  an atnosphere sa tu ra t ed  with c r e s y l i c  zc id  vapors f o r  
1 hr/dry on consecutive days caused i - n i t z t i o n  of the nose a d  

eyes; and death i n  some animals. Uzhdavini e t  al. ( 3 )  performed 
poorly documentetj s t u d i e s  on t h e  chronic effects of o-cesol in- 
hala t ion .  In mice, Mey found evidence for :  tail neczosis: slowed 
weight gain; cellular degeneration of 'he CNS: r e s p i r a t o r y  t r a c t  
hyperemia, edema, 2 r o l i f e r a t i o n  of c e l l u l a r  elements , and hemor- 
rhagic  patches: myocardial fiber degeneration: and p ro te in  depos i t s  
h l iver  and kidney cells. 
a conditioned reflex, and altezatiens in kat!! pripheral bhcd and 
bone marrow elements. 

-- 
- 

In ra ts ,  they reported a l t e r a t i o n s  i n  

The Threshole L i m i t  Value es tab l i shed  Sy t h e  ACGIH for cresols 
Fs 5 ppm (Gll). 

2.5 Carcinogenicity 

- 0, s, and E-C-esol have Seen repor tee  to promote the carcino- 
g e n i c i t y  of dimethylbenzanthracene (DbSA) skin tes ts  with nice 
( 4 ) .  They w e r e  s l i g h t l y  less a c t i v e  as promoters tha phenol in 

* 

t h i s  experiment (see *&le below) . 

. Promoter+ 

No. mice 
survivors/  
or.igina1 no. 

Benzene Contzol 
20% phenol 
20% o-cresol 
20% Z-cresol 
20% +resol 

12/12 
22/27 
17/27 
14/29 
20128 

Initiator: 0.3% DMBA acetone. 
D a t a  a t  12 weeks. 

N o  carcinogenici ty  tes ts  conducted 
found in t h e  searched l i terature .  

Avg. no. % surv ivors  
papillomas with 
per survivor  pa>illoma 

0 
1.50 
1-35 

O o 9 i  0.5 

0 
64 
59 
50 
35 - - 

Promoter 'in benzene. . 
with czesols alone have been 



2.6 Mutrqenicitv 

In onion roo t  tips, however, E- and pcreso l  p r o l u c d  cyto- 
logical abnormalit ies including stickiness, erosion,  pyczosis, - C-mitosis, polyphoidy, and chronosome frasmenf=ztion (5 )  . 
did not appear'b acfive (5 ) .  
necesscrily imply &at &he c reso l s  will have gene t i c  ac'sivity in 
mammals, 
l i terature.  -. 

Z-Cresol 

These chromosomal effects do not 

No other mutagenicity s2Aies weze Sound L? %,?e sek-ched 

. 
2.7 Tergtogenicitv 

No systematic s t u d i e s  of the teratogenic  potezltial of tbe 
cresols have been found. The oaly infozznation ava i lzb le  is 
on *Ae effect of m-cresol - on embryos of a toad (Xenoptrs laevis) 
at -e = r e a d  tzbe stage of developmeat ( 6 ) .  Concerr'=a&&zs of 
20 tu 80 ppm, m-cresol - cause2 two d e v e l o ~ e ~ t t l - a b n o r ~ ~ ~ ~ ~ e s :  
edema and tai l  flexioa, 

2.8 Eetabol lc  Infornat ion a 

V e r y  l i t t l e  is known about the metabolic fate of crescls 
in manmals. One s tudy  showed t h a t  tbe cresols aze excreted in 
rabbit u r ine  pr imari ly  as oxygen conjugates: 
ether glucuronides and 10-15% as ctbereal sulphates  ( 7 ) .  

60-725 as 

Paper diromatography shuwed that - 0- and E-cresol are 
hydrarylated and t h a t  e-cresol forms phydroxybenzoic acid 
e e s o l  glucuronide was isolated from the uir,=le of rabbits 
dosed by stomach tube w i b d  r c r e s o l ,  whereas. 2- and E-creta 
w e r e  metabolized to 2,S-Cihydroacytoluene (71 . N o  s t u a e s  
have been -aced of t h e  bioloqrical effect  of these and ot& 
possible metabolites of the cresols .  

.. . 
, . -..t ' .. - 

. .- .. , . ._ . 
. .  

. .  . . ... 
. .. . .  . . .  - 

(7) . 
1 

i 

lr 

. , .  , . .  



2.9 Zcoloqicrl Effects 

The 96-hom LC50 of - o-cresol to channel catfish (Ictalurus 
punctatus) is reported to be 6 t  mg/l ( 8 ) .  

perch urd suaQsh,.lethal concentrations (not LCfOs) were 
determined in 1 hgur exposures. In perch (Perca fluviatilis) , 
lethal concenc'ations for 20, E- and 2-cresols were in the 
rlnge 10-20 p v  (9). The Aquatic .Toxicity Rating (96-hour 
-8 s7ecies unspecified) for cresols  is listed cs 10-1 ??rn 
(G16). 
salmon '('Salmo 7- salar) than g-creso18 the saLqon avoided 
- o-cresol mare efficiently (10) . _ _  

They are used as disinfectants and as fungicises to protect 
materials such as wood. 
against mycoplasmzs (11) 8 viruses (12) 

2.10 Current Testhg and Evaluation 

In tests wiAk 

Al*dough - o-cresol is less toxic to juvenile Atlantic 

Cresols have a broad spectzuu of toxicity to microorganisms. 

They are  also reported to be active 
and -Flant galls (13). 

A criteria document on cresols is  ?lamed for completion 
1977 by NIOSH. 

. .  

I .  
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DISCLAIMER 

T h i s  r e p o r t  r e p r e s e n t s  a s u r v e y  of t h e  p o t e n t i a l  h e a l t h  
and e n v i r o n m e n t a l  h a z a r d s  from e x p o s u r e  t o  t h e  s u b j e c t  chemi- 
cal .  The i n f o r m a t i o n  c o n t a i n e d  i n  t h e  r e p o r t  i s  drawn c h i e f l y  
f rom s e c o n d a r y  s o u r c e s  and a v a i l a b l e  r e f e r e n c e  documents .  
Because  of t h e  l i m i t a t i o n s  of s u c h  sources, t h i s  s h o r t  p r o f i l e  
may n o t  r e f l e c t  a l l  a v a i l a b l e  i n f o r m a t i o n  i n c l u d i n g  a l l  t h e  
a d v e r s e  h e a l t h  and e n v i r o n m e n t a l  im?acts p r e s e n t e d  by t h e  
s u b j e c t  chemical.  T h i s  document has undergone  s c r u t i n y  t o  
e n s u r e  i t s  t e c h n i c a l  a c c u r a c y .  



CROTONALDEHYDE 

SUMMARY 

Crotonaldehyde is n o t  expected t o  be over ly  p e r s i s t e n t  i n  

w a t e r  o r  the atmosphere. I t  is n o t  expected t o  biocbncentrate.  

I t  has  been detected i n  f in i shed  dr inking  water and i n  sewage 

t reatment  p l a n t  e f f luen t s .  

An increased incidence of malignant neoplasms has been 

observed i n  workers a t  an aldehyde f ac to ry  who w e r e  exposed t o  

crotonaldehyde, among o t h e r  substances.  There is ,  however, no 

ind ica t ion  that  crotonaldehyde was the causa t ive  f a c t o r  i n  the  

excess incidence of cancer. 

Pathologic  change w a s  observed i n  t h e  testes of m i c e  receiv-  

ing  crotonaldehyde i n  the dr inking  water (0. 2 9/11 f o r  one month. 

I INTRODUCTION 

Crotonaldehyde (CH3CH=CHCHO; molecular weight 70 .1 )  is a 

water-white, mobile l i q u i d  w i t h  a pungent, su f foca t ing  odor 

(Hawley, 1977). I t  has t h e  following physical/chemical 

p r o p e r t i e s  (U. S. EPA, 1979a; Hawley, 1977) : 

Boi l ing  Point:  102'C 

Melting Point: -6O'C 

Vapior  Pressure:  

So l u b i l i  t y : very so lub le  i n  w a t e r :  

19 mm Hg a t  20'C 

also s o l u b l e  i n  many 

organic  solvents .  

. : 8 ;  - . . . .. . . . .  . 
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A review of the production range (includes importation) 

statistics for crotonaldehyde (CAS NO. 4170-30-3 ) which was 

listed in the initial TSCA Inventory (197913) has shown ,that 

between 1 million and 8 million pounds of this'chemical were 

produced/imported in 1977.- * /  . 

Crotonaldehyde is used as an intermediate in the manufacture 

of n-butanol and crotonic and sorbic acids; solvent in the 

purification of mineral oi1;'intermediate in resin and rubber 

antioxidant manufacture: and in organic syntheses (NCI, 1978). 

Other uses.are as a warning agent in fuel-gas, insecticides, 

leather tanning, production of rubber accelerators, and as an 

alcohol denaturant (Xawley, 1977). 

I I. ENVIRONMENTAL FATE 

Formaldehyde, the simplest aldehyde, is almost entirely 

hydrated in water, thus it is nonvolatile and is inactive toward 

photochemical dissociation. Higher aldehydes, such as crotonal- 

dehyde, are less hydrated in water, more volatiie, and somewhat 

active toward photochemical degradation (Calvert and Pitts, 

1966). Crotonaldehyde is expected to be oxidized in water at the 

double bond to form keto aldehydes and cleavage products ( U . S .  

EPA, 1977). Crotonaldehyde biodegrades at a slow to moderate 

5 

- */  This production range. information does not include any pro- 
duction/importation data claimed as confidential by the 
person(s) reporting for the TSCA Inventory, n o r  does it, 
include any information which would comnromise Confidential 
ausiness Information. The data submitted for the TSCA Inven- 
tory,'including production range information, are subject to 
the limitations contained in the Inventory Reporting Regula- 
tions (40 CFR 710). 

-if 
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rate: acclimated bacteria can speed the degradation rate (U.S. 

EPA, 1979a). In general, neither crotonaldehyde nor its 

oxidation prpducts are expected to be overly persistent in water 

( U . S .  EPA, 1977). 

In air, aldehydes are expected to photodissociate to RCO and 

H atoms rapidly and competitively w i t h  their oxidation by HO 

radical. The projected half-life is on the order of 2 to 3 hours 

(Calvert and Pitts, 1966). Oxidation of crotonaldehyde by 80 

radical should result in addition at the double bond to form a 

keto aldehyde ( U . S .  EPA, 1977). Crotonaldehyde is a reactive 

component of auto exhaust and may contribute to smog (Dimitriades 

and Wesson, 1972). 

B. Bioconcentration 

Crotanaldehyde is not expected to bioconcentrate (based on 

its similarity to acrolein) (U.S. EPA, 1977). 

C. Environmental Occurrence 

Crotonaldehyde has been detected in finished drinking water, 
a 

sewage treatment plant effluents ( U . S .  EPA, 19761, in wastewater 

used for irrigation of potatoes (Dodolina et al., 19761, and the 

atmosphere (IARC, 1976). 

Crotonaldehyde occurs naturally in essential oils  extracted 

from the wood of oak trees (Egorov, 1976). It has also been 

found in the volatiles f r o m  cooking mutton (N,ixon -- et al., 1979) 

and in tobacco and tobacco smoke constituents (Pilott, 1975). 

. _ .  . 
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111. PHARMACOKINETICS 

Although no information w a s  found s p e c i f i c a l l y  on t h e  metab- 

olism of crotonaldehyde, it is probably oxidized t o  an ac id  and 

subsequently t o  C02 i n  t h e  same manner as o t h e r  s m a l l  a l i p h a t i c  

aldehydes. Crotonaldehyde is  a p o t e n t i a l  a l k y l a t i n g  agent  by t h e  

metabolic formation of an a c t i v a t e d  epoxy d e r i v a t i v e  a t  t h e  

double bond and via  r eac t ion  with amino groups of c e l l u l a r  

macromolecules ( N C I ,  1978) .  

IV. HEALTH EFFECTS 

A. Carcinogenici ty  

An increased incidence of malignant neoplasms h a s  been 

observed i n  workers a t  an aldehyde f a c t o r y  who were exposed t o  

acetaldehyde,  butyraldehyde, crotonaldehyde, a l d o l ,  s e v e r a l  

a lcohols ,  and longer  chain aldehydes. Crotonaldehyde was found 

i n  concent ra t ions  of 1-7 mg/m3. 

t h i s  f ac to ry ,  150 had been exposed f o r  more than  2 0  years .  Dur- 

ing  t h e  per iod  1967 t o  1972, tumors were observed i n  n i n e  males 

( a l l  of whom w e r e  smokers). The tumor inc idences  observed. i n  t h e  

workers exceeded incidences of carcinomas of t h e  o r a l  c a v i t y  and 

bronchogenic lung cancer  expected i n  the genera l  populat ion and, 

f o r  the age group 55-59 yea r s ,  t h e  incidence of a l l  cancers  i n  

O f  t h e  220 people  employed i n  

chemical p l a n t  workers. 

hyde w a s  t h e  causa t ive  f a c t o r  i n  t h e  excess incidence of cancer  

( B i t t e r s o h l ,  1974, 1975) . 

There is no i n d i c a t i o n  t h a t  crotonalde-  

, * 



B. Mutagenicity 

Schubert  (1972) reported chromosome breakage i n  human lymph- 

ocytes  exposed t o  crotonaldehyde & v i t ro .  When t e s t e d  i n  

Salmonella typhimurium ( t e s t e r  s t r a i n s  TA1535, TAl537, TAl538, 

TA100, and TA98) both i n  t h e  presence and absence of a metabolic 

a c t i v a t i o n  system, crotonaldehyde was nomutagenic.  I t  a l s o  

failed t o  inc rease  t h e  incidence of m i t o t i c  recombination i n  

Saccharomyces c e r e v i s i a e  D3 i n  t h e  presence and absence of a 

metabolic a c t i v a t i o n  system (NCI, 1978). 

C. Reproductive Effects 

Pathologic  change was observed i n  t h e  t e s t e s  of mice one 

month following a s i n g l e  i n t r a p e r i t o n e a l  i n j e c t i o n  of crotonalde-  

hyde (1 mg/mouse). In  a r e l a t e d  s tudy,  similar changes were 

observed i n  t h e  tes tes  of m i c e  r ece iv ing  crotonaldehyde i n  t h e  

dr inking  w a t e r  (0.2 g / l )  for one month (Auerbach -- e t  a l . ,  1977; 

Moutschen-Dahmen -- e t  a l . ,  1975: Moutschen-Dahmen e t  a l .  , 1976). 
* 

D. Other Toxic i ty  

Skog (1950) s tud ied  t h e  e f f e c t s  of lower a l i p h a t i c  aldehydes 

i n  rats and mice. When administered subcutaneously or by 

i n h a l a t i o n ,  crotonaldehyde caused lung edema and mild narcos is .  

Death w a s  delayed and probably r e s u l t e d  from the  lung damage. 

With cats, similar effects w e r e  seen, with death due t o  lung 

edema o r  bronchia l  pneumonia occurr ing  wi th in  24  hours f o r  i n j e c -  

t i o n  and between 6 and 48 hours for i n h a l a t i o n  s t u d i e s  (Skog, 

1950). 

The o r a l  LDso for crotonaldehyde i n  t h e  r a t  i s  300 mg/kg: 

t h e  30-minute LCso i n  the ra t  i s  4000 mg/kg. 

LDS0 is 380 mg/kg ( N I O S H ,  1979). 

The r a b b i t  dermal 

d -- ' -  . _ I  , 

I .  , .  
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E. Other Relevant Information 

A case of apparent sensitization to crotonaldehyde has been 

reported in a laboratory worker who handled "small" amounts of 

the material (ACGIH, 1971). 

Crotonaldehyde is a strong mucous membrane irritant ( N I O S H ,  

1978). 

V. AQUATIC EFFECTS 

The 96-hour LCso (partial flow-through system) for crotonal- 

dehyde in bluegill sunfish is 3.5 ppm; in tidewater silversides 

the 96-hour L C S 0  is 1.3 ppm (Dawson, 1975/1977). 

VI. EXISTING GUIDELINES 

The OSHA standard for crotonaldehyde in air is a time 

weighted average (TWA) of 2 ppm (39CFR23540). 

. 
. .. 
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DISCLAIMER 

T h i s  report  r e p r e s e n t s  a s u r v e y  of t h e  p o t e n t i a l  h e a l t h  
a n d  e n v i r o n m e n t a l  hazards  from e x p o s u r e  t o  t h e  s u b j e c t  chemi-  
c a l .  The i n f o r m a t i o n  c o n t a i n e d  i n  t h e  repor t  i s  d rawn  c h i e f l y  
from s e c o n d a r y  s o u r c e s  and a v a i l a b l e  r e f e r e n c e  documen t s .  
Because  of t h e  l i m i t a t i o n s  of s u c h  s o u r c e s ,  t h i s  s h o r t : p r o f i l e  

, may n o t  re f lec t  a l l  ava i l ab le  i n f o r m a t i o n  i n c l u d i n g  a l l  t h e  
adverse h e a l t h  and  e n v i r o n m e n t a l  impacts p r e s e n t e d  by t h e  
s u b j e c t  chemical. T h i s  document  has  u n d e r g o n e  s c r u t i n y  t o  
e n s u r e  i ts  t e c h n i c a l  acc-racy. 
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CYANIDES 

SUMMARY 

Cyanide is well-known as an acute, rapidly acting poison 
. .  

which has caused numerous deaths, primarily in occupational 

situations. The mechanism of cyanide intoxication is attrib- 

utable to the biochemical inhibition of cellular respiration, 

which produces a condition resembling acute hypoxia. De- 

spite the considerable potency of cyanide as an acute poison, 

repeated sublethal exposures do not result in cumulative ad- 

verse effects in animals or man. In a chronic feeding study 

in rats, a no observable adverse effect level (NOAEL) was 

found to be 12 mg/kg/day. Extrapolation of this value to 

humans, using the application of a safety factor of 100, 

results in an acceptable daily intake for man (ADI) of 8.4 mg. 

Cyanide exists in water in the free form (CX- and X N ) ,  

which is extremely toxic, or in a form bound to organic 

or inorganic moieties which is less toxic. Cyanide is lethcl 

to freshwater fishes at concentrations near SO pg/l and 

has been shown to adversely affect invertebrates and fishes 

at concentrations near 10 pg/l. 

have been generated. Cyanide affects fish and invertebrates 

by inhibiting utilization of available oxygen for metabolism 

at the cellular level of respiration. 

Very few saltwater data 

. 

. 
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CYANIDES 

I. INTRODUCTION 

This profile is based primarily upon the Ambient Water 

Quality Criteria Document for Cyanides (U.S. EPA, 1979). 

The National Institute for Occupational Safety and Health 

(NIOSH, 1976) has also prepared a recent comprehensive review 

of health hazards associated with hydrogen cyanides (HCN) 

and commercially important cyanide salts (NaCN, KCN, and 

Ca (CN) 2 )  

The toxicologic effects of cyanides are based upon 

their potential for rapid conversion by mammals to HCN. 

Cyanide production in the United States is now over 700 

million pounds per year and appears to be increasing steadily 

(Towill, et al. 1978). The major industrial users of cyanide 

in the United States are the producers of steel, plastics, 

synthetic fibers and chemicals, and the electroplating and 

metallurgical industries (NIOSH, 1976; Towill, et al. 1978). 

11. EXPOSURE 

A .  Water 

Cyanide exists in water in the free form (CN- 

and HCN), or bound to organic or inorganic moieties. 

nide is not commonly found in United States water supplies. 

Among 2,595 water samples tested, the highest cyanide con- 

centration found was 8 ppb (Towill, et al. 1978). The vola- 

tility of HCN, the predominant form in water, accounts in ’ 

part for the low levels usually measured. The U.S. EPA 

(i979) has estimated the bioconcentration factor of cyanide 

at 2.3. 

Cya- 
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B. Food 

Except for certain naturally occurring organoni- 

triles in plants (e.g., cyanogenic glycosides, such as amyg- 

dalin), it is uncommon to find cyanide in foods. 

C. Ambient Air 

There is insufficient information available to 

estimate population exposures to cyanide via ambient air 

(U.S. EPA, 1979). 

I11 PEARMACOKINETICS 

A. Absorption 

The common inorganic cyanides are rapidly absorbed 

across the skin (Drinker, i932; Potter, 1950; TOVO, 1955; 

Walton and Witherspoon, 1926), stomach and duodenum, and 

lungs (Goesselin, et al. 1976). Quantitative estimates 

of the rate of penetration by various routes of exposure 

are unavailable, however. The rapid absorption of cyanide 

is evidenced by the fact that death may be produced within 

a matter of minutes following inhalatior. or ingestion. 

B. Distribution 

Cyanide is distributed to all organs and tissues 

via the blood, where its concentration in red cells is greater 

than that in plasma by a factor of two or three. This may 

be due, at least in part, to a preferential binding of cya- 

nide to methemoglobin (Smith ana Olson, 1973). Although 

quantitative data are lacking, it is predicted that cyanide 

may readily cross the placenta. 

. .  $6-S 
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C. Metabolism 

By far, the major pathway for the metabolic detoxi- 

fication of cyanide involves its conversion to thiocyanate 

via the enzyme rhoaanase (deDuve, et al. 1955). A minor 

pathway for cyanide metabolism involves nonenzymatic conjuga- 

tion with cysteine, a reaction which accounts for no more 

than 15 percent of cyanaide metabolism in the rat (Wood 

and Cooley, 1956). Very small amounts of cyanide can be 

excreted unchanged (as HCN) or converted to carbon dioxide 

(Friedberg and Schwarzkopf, 1969). 

D. Excretion 

Among rats given 30 mg of sodium cyanide intra- 

peritoneally over eight days, it was estimated that 80 per- 

cent of the total dose was excreted in the urine in the 

form of thiocyanate (Wood and Cooley, 1956). Cyanide does 

not appear to accumulate significantly in any body compart- 

ment with chronic exposures. 

IV. EFFECTS 

A. Carcinogenicity 

Pertinent data confirming the carcinogenicity 

of cyanide were not found in the available literature'. 

B. Mutagenicity 

Pertinent data concerning the mutagenicity of 

cyanide were not found in the available literature. 

C. Teratogenicity 

Cyanide is not known to be teratogenic. However, 

thiocyanate, the major metabolic product of cyanide in vivo, -- 



has produced developmental abnormalities in the chick (Nowinski 

and Pandra, 1946) and ascidian embryo (Ortolani, 1969) at 

high concentrations. 

D. Other Reproductive Effects 

Pertinent information regarding the possible ef- 

fect of cyanide on fertility or reproductive success was 

not found in the available literature. 

E. Chronic Toxicity 

Human inhalation of 270 ppm HCN brings almost 

immediate death, while 135 ppm is fatal after 30 minutes 

of exposure '(Dudley, et al; 1942). The mean lethal dose 

. of HCN and its alkali metal salts by ingestion in humans 

is in the range of 50 to 200 mg (1 to 3 mg/kg) , with death 
coming in less than one hour (Gosselin, et al. 1976). In 

non-fatal poisonings, recovery is generally rapid and com- 

plete. The mechanism of acute cyanide intoxication can 

be attributed to the' biochemical inhibition of cytochrome 

c oxidase, the terminal enzyme complex in the respiratory 

electron transport chain of mitochondria (Gosselin, et al. 

1976). The major feature of cyanide poisoning resembles 

the effects of acute hypoxia, which results in a decreased 

utilization of oxygen by the tissues. Cyanide poisoning 

differs from other types of hypoxia in that the oxygen ten- 

sion in peripheral tissues usually remains normal or may 

even be elevated (Brobeck, 1973). 

Despite the high lethality of large single doses 

or acute inhalation exposures to high vapor concentrations 

. .  . 
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of cyanide, repeated sublethal doses do not result in cumula- 

tive adverse effects (Hertting, et al. 1960; Hayes, 1967; 

American Cyanamid, 1959). 

F. Other Relevant Information 

Since cyanide acts by inhibiting cytochrome c 

oxidase, it is reasonable to assume that any other inhib-tor 

of the same enzyme (e.g. sulfide or azide) would have toxic 

effects synergistic with (or additive to) those of cyanide. 

This has not been demonstrated experimentally, however. 

Cyanide poisoning is specifically antagonized 

by any chemical agent capable of rapidly generating methemo- 

globin in vivo, such as sodium nitrite, or other aromatic 

nitro and amino compounds (Smith and Olson, 1973). 

V. AQUATIC TOXICITY 

-- 

A. Acute Toxicity 

There have been numerous studies investigating 

the toxicity of cyanide in freshwater fish. 

concentrations in the range of about 50 to 200 pg/l have 

eventually proven fatal to most species. 

and species of fish appear to be more sensitive to cyanide 

than others. 

Free cyanide 

Certain life stages 

Eggs, sac fry, and warmwater species tended 

to be the most resistant. 

Several authors have reported increased cyanide 

toxicity with the reduction of dissolved oxygen or with 

a rise in water temperature. However, water alkalinity, 

hardness, and pH below 8.3 have not been shown to have a 
pronounced effect on the acute toxicity of cyanide to fish. 

em- .. ! '.$.,-; f '; - " 
. .  
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from 52 pg/l, for juvenile brook trout, to 507 pg/l, for 

sac fry brook trout, Salvelinus fontinalis. For the fresh- . 

water invertebrates, the results from 11 acute tests on 

6 species have shown a range of LCs0 values from 83 pg/l  

for cladoceran, Daphnia pulex to 760,000 pg/l for snail, 

Goniobasis livescens. 

The only saltwater species to be studied is the 

A short exposure of an oyster to cyanide resulted oyster. 

in supression of activity after 10 minutes of exposure to 

150 ?g/l ( U . S .  EPA, 1979). 

B. Chronic Toxicity . __ 

Based on long-term tests with bluegills (embryo- 

larval) and reproduction by brook trout and fatheads, the 

geometric mean of the chronic effect level concentrations 

is 9.6 Pg/ l  (Koenst, et al. 1977; Lind, et al. 1977; Kimball, 

et al. 1978). Life cycle tests on the scud, Gammarus pseudo- 

limnaeus, and the isopod, Ascellus communis, show the chronic 

values to be 18.3 and 34.1 )Ig/l,  respectively ( U . S .  EPA, 

1979). The chronic toxicity of cyanide in marine species 

has not been reported. 

C. Plant Effects 

.In the only plant test reported, 90 percent of 

the blue-green alga, Microcystis aerusinoss, was killed 

when exposed to a free cyanide concentrationof 7,790 pg/l 

(Fitzgerald, et al. 1952). . There was an inhibition of respiration in the 

marine alga, Prototheca zopfi, at 3,000 pg/'l and enzyme 

. I  , I , .  1 
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inhibition in Chlorella z. at 30,000 pg/l (Webster and 

Hackett, 1965; Nelson and Tolbert, 1970). 

D. Residue 

No residue data is available for cyanide toxicity 

in either salt or freshwater species. The U.S. EPA (1979) 

has estimated the bioconcentration factor of cyanide to 

be 2.3. 

VI EXISTING GUIDELINES AND STANDARDS 

Neither the human health nor aquatic criteria derived 

by U.S. EPA, 1979, which are summarized below, have gone 

through the process of public review; therefore, there is 

a possibility that these criteria will change. 
-_ - 

A. Human 

The U.S .  Public Health Service Drinking Water 

Standards of 1962 established 0.2 mg CN-/1 as the acceptable 

level for water supplies. A similar criterion has been 

adopted by the Canadian government (Health and Welfare Canada, 

1977). 

the U.S. Public Health Service (1962) has set forth an "objec- 

tive" of 0.01 mg CN-/1 in water, "because proper treatment 

will reduce cyanide levels to 0.01 mg/l or less." 

In addition to defining the 0.2 mg CN-/1 criterion, 

The U . S .  Occupational Safety and Health Administra- 

a tion (OSHA) has established a permissible exposure limit 

for KCN and NaCN at 5 mg/m3 as an eight-hour,time-weighted 

average. The National Institute for  Occupational Safety 

and Health (NIOSH) recommends 5 mg/m 3 as a ten minute ceil-• 
ing for occupational exposure to KCN and NaCN. 



The OSHA permissible limit' for exposure to HCN 
3 is 10 ppm (11 mg/m ) as an eight-hour time-weighted average. 

NIOSB recommends S mg/m3 as a ten minute ceiling level for 

exposure.to HCN. 

. Based upon the results of a two year chronic feed- 

ing study in rats, the U . 5 .  EPA (1979) has calculated an 

acceptable daily intake (ADI) of cyanide for man to be 8.4 

mg/kg. This value was derived from the no observable adverse 

effect level (NOAEL) for rats of 12 mg/kg/day and the applica- 

tion of a safety factor of 100. The corresponding draft 

water quality criterion derived from these data is 4.11 

mg/l. However, the U.S. EPA (1979) has recommended that 

the U . S .  Public Health Service Drinking Water Standard 

of 200 pg/l be retained as a safe level for man. 

B. Aquatic 

For free cyanide (expressed as CN), the draft 

criterion to protect freshwater aquatic life is 1.4 pg/l 

as a 24-hour average, and the concentration should not exceed 

38 Pg/l at any time (U .S .  EPA, 1979). 

Draft saltwater criterion is not available for 

cyanide toxicity, because of the paucity of valid data (U.S. 

EPA, 1979). 

! 
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CYANOGEN CHLORIDE 

I. INTRODUCTION 

Cyanogen c h l o r i d e  is a c o l o r l e s s  gas  a t  room temperature wi th  a molec- 

u l a r  weight of 61.48, a melting po in t  of -6.S0C, a b o i l i n g  po in t  of  

1 3 . 8 O C ,  and a s p e c i f i c  g r a v i t y  of 1.186. It is  s o l u b l e  i n  a l coho l  o r  

ether, and s l i g h t l y  so lub le  i n  water. ( I n t .  Tch. I n f .  I n s t . ,  1978). 

1 

Cyanogen c h l o r i d e  is used as a fumigant, metal c l e a n e r ,  i n  o r e  r e f i n -  

i ng ,  production of s y n t h e t i c  rubber and i n  chemical s y n t h e s i s  (Arena, 

1974). Cyanogen c h l o r i d e  can be used i n  t h e  m i l i t a r y  as a poison gas.  

11. EXPOSURE . 

5 

The major sources  of exposure t o  cyanogen c h l o r i d e  are i n  the above 

The p o t e n t i a l i t y  o f  cyanogen c h l o r i d e  as a water mentioned i n d u s t r i a l  uses.  

p o l l u t a n t  has not  been described i n  the a v a i l a b l e  l i t e r a t u r e .  

111. PHARMACOKINETICS 

. The t o x i c i t y  of cyanogen c h l o r i d e  resides very l a r g e l y  on i ts  pharmaco- 

k i n e t i c  property of y i e l d i n g  readily t o  hydrocyanic ac id  (also called hydro- 

gen cyanide o r  p r u s s i c  acid) i n  vivo. The red cells  o f  whole blood r a p i d l y  

convert  cyanogen c h l o r i d e  t o  cyanide,  whi le  serum des t roys  cyanogen c h l o r i d e  

without forming hydrocyanic a c i d  (Aldridge and Evans, 1946). 

-- 

Reference should be made t o  the  EPA/ECAO Hazard P r o f i l e  f o r  cyanides 

(U.S. EPA, 1979) f o r  a gene ra l  d i scuss ion  on absorpt ion,  d i s t r i b u t i o n ,  

metabolism and excret ion.  Cyanogen chloride, l i k e  HCN, is metabol ical ly  

converted t o  thiocyanate  (HCNS) (Aldridge and Evans, 1946). 

9 



I V .  EFFECTS 

A .  Carcinogenicity,  Mutagenicity, Teratogenici ty , -and O t h e r  
Reproductive Effects 

Per t inent  information could not  be loca ted  i n  t h e  a v a i l a b l e  l i t e r -  

ature .  

6. Chronic Toxicity 

Inhal ing small amounts o f  cyanogen ch lor ide  causes dizziness, 

weakness, congestion o f  the lungs, hoarseness, c o n j u n c t i v i t i s ,  l o s s  of appe- 

t i t e ,  weight ' l o s s ,  and mental de te r iora t ion .  These effects are similar t o  

those found Pmm i n h a l a t i o n  o f  cyanide (Dreisbach, 1977). Cyanogen ch lor ide  

is an i r r i t a n t  t o  both eyes and throat (Int. Tech. Inf .  Ins t . ,  1978). 

-7 

Cyanogen ch lor ide  acts a s  a chemical asphyxiant,  rEleasing cyanide 

which causes internal asphyxia by i n h i b i t i n g  c e l l u l a r  resp i ra t ion .  Cyano- 

hemoglobin may also be formed slowly, but  the t o x i c i t y  is mainly due t o  the 

i n h i b i t i o n  of  cytochrome oxidase, an enzyme which u t i l i z e s  molecular oxygen 

f o r  ce l l  r e s p i r a t i o n  (Dreisback, 1977). 

C. Acute Toxicity 

Ingest ion o r  i n h a l a t i o n  of a lethal dose of cyanogen ch lor ide  

(m50 = l3 mg/kg), as f o r  cyanide o r  o ther  cyanogenic compounds, causes  

d izz iness ,  rap id  r e s p i r a t i o n ,  vomiting, f lushing,  headache , drowsiness , drop 

i n  blood pressure,  rapid pulse,  unconsciousness, convulsions with death oc- 

c u r r i n g  within 4 hours (Dreisbach, 1977). * 

BY *utaneous m u t e ,  the mLo for  cyanogen ch lor ide  are as 

follows: m s e ,  39 mg/kg; dog, 5 mg/kg; and r a b b i t ,  20 mg/kg. By inhala- 

t i o n ,  an LcLo in the  dog was found t o  be 79 ppm/8 h6urs. Also by inhala- 

t i o n ,  t h e  LC501s i n  terms o f  ppm f o r  M minute e x p k u r e s  are: rat, 118; * 

mouse, 177; r a b b i t ,  207; and guinea pig,  207 ( I n t .  Teh. Inf .  I n s t .  , 1978). 

' 2  
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._ . V. AQUATIC TOXICITY 

Per t inent  informat ion could n o t  be found i n  the -avai lab le 

p e r t a i n i n g  t o  the t o x i c  

The reader is r e f e r r e d  

1979). 

V I .  EXISTING GUIDELINES 

A. Human 

e f fec ts  o f  cyanogen c h l o r i d e  t o  aquat ic 

t o  EPA/ECAO Hazard 

AND STANDARDS 

P r o f i l e  for  cyanides 

l i t e r a t u r e  

orgenisms. 

(U.S. EPA , 

Threshold l i m i t  values fo r  cyanogen c h l o r i d e  have been s e t  a t  0.3 

PPm and 0.6 m g d  for  an 8-hour workday. (ACGIH, 1978). 

. 
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ODD can e x i s t  i n  two forms, the o,p ' -  o r  the p,p'-isomers. ptp'-DDD 

[ 1,142,2~ichlomethylidlene)-bis-l-chlombenzene 1 is a contaminant 

(*0.3%) o f  cmerical  preparat ions o f  DOT Cl,lt-(2,2,2-trichlomethyli- 

dene)-bis-l-chlombenzene] as well as being a metabol i te  o f  DOT. It has 

also been used as an insecticide i n  its own r i g h t  under the names TDE or 

Rhothane. p,p'-wI) is the f i r s t  metabol i te  o f  p,p'-CQT l ead ing  t o  the even- 

tual el iminat ion o f  p,p'-DDT fmm t h e  body as p,p'-ODA [ 2 , 2 - 4 i s ( ~ l o r n p h e -  

nyl) acetic acid]. T h e  residency time of ODD i n  the body is r e l a t i v e l y  

short. There is some evidence that 000 is  carcinoSenic i n  mice; however, i n  

o t h e r  species, it appears to be non-carcinogenic. p,p'-OOO has been shown 

t o  be mutagenic i n  Drosoohila, but not i n  yeast o r  bacteria. In  cell arl- 

t u re ,  p,p'-DCD causes chromosomal breaks. 

The only a v a i l a b l e  p,p'-DDD t o x i c i t y  data involves  saltwater f i s h  and 

i n v e r t e b r a t e s  and freshwater inve r t eb ra t e s .  The 96-hour LC50 value f o r  

two i n v e r t e b r a t e s  and three f i s h  range frm 1.6 t o  42.0 ug/l. p,p'-DDD 

appears t o  be one-f i f th  t o  one-seventh as acutely t o x i c  as p,p'-ODT. 

1 - -  

. .  . 
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I. INTRODUCTION 

This p r o f i l e  is based on t h e '  Ambient Water Q u a l i t y  C r i t e r i a  Document 

f o r  DOT (U.S. EPA, 1979a). 

ODD is a contaminant of t e c h n i c a l  p,p'-DOT [l,11-(2,2,2-trichloroethyl- 

idene)-bis-4-chlorobenrenel. I t  has also been u t i l i z e d  'as an i n s e c t i c i d e  i n  

iis own r i g h t  under t h e  common names TIE or Rhothane. Its two isomers, 

p,p'-DDD [1,11-(2, 24ichloroethylidene)-bis-4-chlorobenzene] and o,p'-DDD, 

make up approximately 0.3 and 0.1 percent ,  r e s p e c t i v e l y ,  o f  t e c h n i c a l  ODT. 

Between 1970 and 1973 ( t h e  P A  banned DOT i n  19721, a s i g n i f i c a n t  drop i n  

res idues of  ODD and DOT occurred i n  t h e  U.S.A., c o n s t i t u t i n g  decreases  of 89 

and 06 percent ,  respect ively.  

11. EXPOSURE 

Li t t le  information is a v a i l a b l e  on exposure t o  ODD, although t h e  gener- 

a l  exposure p a t t e r n  probably follows t h a t  of DDT, as ou t l ined  i n  DDT: Hazard 

P r o f i l e  (U.S. P A ,  1979b). OD0 appears t o  be disappearing from t h e  U.S. 

environment a t  approximately t h e  same rate as  DOT as  a result of t h e  1972 

ban on DOT (U.S. €PA, 1975). Wessel (1972) c a l c u l a t e d  t h e  d a i l y  i n t a k e  o f  

-- 

p,p'-DDD t o  be 0.012 mg/man/day; t h i s  was about h a l f  t h e  d a i l y  i n t a k e  o f  

p,  p I -DOT. 

111. PHARMACOKINETICS 

A. Absorption 

P e r t i n e n t  d a t a  could not be located i n  t h e  a v a i l a b l e  l i t e r a t u r e .  

8. . Dis t r ibu t ion  , 

The d i s t r i b u t i o n  of DOU is t h e  same as  t h a t  descr ibed f o r  DOT i n  

-- DOT: Hazard P r o f i l e  (U.S. F A ,  1979b). The human adipose s to rage  of ODD is 

less than t h a t  of e i t h e r  DOT o r  DOE [I, 1 I-( 2,2-dichloroethenylidene)-bis-l- 

J 088738 
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C. Metabolism 

p,p'-DOD is t h e  first metabol i te  i n  t h e  mul t i s t ep  pathway of  con- 

- ver t ing  p,p'-DOT t o  p,p'-DDA [2,2-bis(k-chlomphenyl)-acetic acid], the 

metabol i te  which is eventual ly  excreted by rats and by man (Peterson and 

Robinson (1964). Urinary p,p'-DOA excret ion and sexum 000 concentrat ions 

showed increases with DOT dosage i n  man and decl ined af ter  dosing ended 

(Morgan and Roan, l977). The enzymes f o r  convert lng p,pt-ODT t6 p,p'-ODD 

are present  in all t i s s u e s ,  while  the  enzymes f o r  f u r t h e r  metabolism of  OD0 

appear to be absent  i n  brain, heart, pancreas, and muscle o f  rats (Fang, e t  

al. 1977). 

0. Excrktion 

Doses o f  o;pt-DDD yie ld  o,pt-DOA and r i n g  hydroxylation products of 

o,pt-OOA i n  the urine and feces of  rats i n  add i t ion  t o  s e r i n e  and glycine 

conjugates in u r i n e  (Aeif and Sinsheimer, 1975). 

, -  

ODD is f u r t h e r  metabolized t o  DOA, which is excreted in t h e  u r i n e  

( U S .  F A ,  1979a). 

IV .  EFFECTS 

A. Carcinogenicity 

Only two studies have been performed t o  assess t h e  carcinogenici ty  

of p,p'-ODO. In  a l i f e s p a n  study, ff1 mice were fed 37.5 mg/kg/day 000 i n  

their d i e t  (Tomatis, e t  al. 1974). 000-exposed animals showed s l i g h t  in-  

creases in l i v e r  tumors i n  males only,  but  lung adenomas were markedly in-  

creased i n  both sexes. In a National Cancer I n s t i t u t e  s tudy  (19'781, Osborne- 

Mendel rats and B6C3Fl mice were dosed with p,p'-OOQ f o r  78 weeks. I n  rats, 

DO0 had no carcinogenic effects in the females, (43 o r  85 mg/kg/day), but  

caused a s i g n i f i c a n t  increase of f o l l i c u l a r  cell adenomas i n  the lo; dose 

males (82 mg/kg/day). Csrcinomas of the thyroid were a l s o  observed. Be- 

. . *  i , 
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cause of high v a r i a t i o n  of  thyroid l e s i o n s  i n  c o n t r o l  male rats,  these find- 

i n g s  are considered only suggest ive of  a chemical-related effect. I n  mice, 

p,p'-DDD was not carcinogenic.  

6. Mutagenicity 

p,p'-ODD has been shown t o  be non-mutagenic i n  E. coli Pol-A 

s t r a i n s  (Fluck, e t  a l .  1976) and Escherichia marcescens (Fahrig,  1974). The 

only p o s i t i v e  r e s u l t  found i n  any of t h e  bacterial tes t  systems was r epor t ed  

by Buselmaier, e t  a l .  (1972) upon the admin i s t r a t ion  of p,p'-ODD t o  mice and 

assaying f o r  back mutation of Salmonella typhimurium and E. marcescens f o l -  

lowing incubation i n  t h e  peritoneum i n  the host-mediated assay. Yeast host 

mediated assays using Saccharomyces c e r e v i s i a e  were negat ive (Fahrig , 19741, 

along wi th  an X-linked recessive lethal assay i n  Drosphila melanoqaster 

(Vogel, 1972). In  mammalian systems, the mutagenic a c t i v i t y  o f  p,p'-DDD is 

r e l a t i v e l y  weak. T h i s  is evidenced by t h e  fact t h a t ,  depending upon t h e  

dose and rou te  of adminis t ra t ion and t h e  species s e n s i t i v i t y  of t h e  test 

organism, reported s t u d i e s  are negat ive or  marginally p o s i t i v e  (U.S. €PA, 

1979a). Some chromosomal abe r ra t ions  and i n h i b i t i o n  o f  p r o l i f e r a t i o n  have 

been observed wi th  p,p'-DDD i n  cel l  c u l t u r e  (Palmer, e t  a l .  1972; Mahr and 

Miltenburger, 1976). The o,p'-isomer is less active w i t h  regard t o  chromo- 

some damage (Palmer, e t  a l .  1972). 

C. Teratogenici ty ,  Other Reproductive Effects, and Chronic Toxici ty  

P e r t i n e n t  data could not  be located i n  the  a v a i l a b l e  l i t e r a t u r e .  

0. Other Relevant Information 

S ince  DO0 is a metabol i te  of DOT, as well as a contaminant o f  com- 

mercial p repa ra t ions  o f  DOT, many of the effects of DDT could be mediated 

through ODD. Information on DDT i s  presented i n  DOT: Hazard P r o f i l e  (U.S. 

F A ,  1979b). 

--- 



V. AQUATIC TOXICITY 

A. Acute Toxici ty  
. .  

The most i n s e n s i t i v e  freshwater i n v e r t e b r a t e  was the  scud, Gammarus 

l a c u s t r i s ,  with a 96-hr. LC9 s ta t ic  value of  0.60 pg/L (Sanders, 19691. 

O f  the Cladoceran, the Oaohnia pulex species was the most s e n s i t i v e  with a 

static LC50 of  3.2 p g / l ,  while the Sfmocwhalus s e r r u l a t u s  was the least 

s e n s i t i v e  with a LC50 o f  5.2 pg/1 (Sanders and Cope, 1966). p,p'-DOO 

t o x i c i t y  has been inves t iga t ed  f o r  s e v e r a l  saltwater species. LC50 values 

f o r  two inve r t eb ra t e s ,  the Eastern oys te r ,  Crassostrea v i r q i n i c a ,  and the 

Korean shrimp, Palaemon macrodactylus (Schoettger,  19701, . are 25 pg/1 and 

1.6 bg/1, respectively, in 964r  flow-through exposures. In flow-through 

exposures t o  three species of  saltwater f i s h ,  96-hr LCz0 values range from 

2.5 t o  42 pg/l f o r  the stripped bass, Momne s a x a t i l i s ,  Korn and Earnest, 

197h).  Two species, Morone s a x a t i l i s  (Korn and Earnest ,  197h) and Fundulus 

similis (U.S. P A ,  1979a1, were exposed t o  both p,p'-DDO and p,p'-ODT under 

similar condi t ions.  A comparison of the r e s u l t s  i nd ica t e s ,  that p,p'-ODO is 

one-fifth t o  one-seventh as acu te ly  t o x i c  t o  these species as is p,p'-OOT. 

However, four  t o  f i v e  week o ld  tadpoles  of the freshwater toad (Bufo amd- 

- huusei fowle r i )  were much more s e n s i t i v e ,  having 96-hr. LCx values of 

160 pg/l compared w i t h  1,000 pg/l f o r  p,p'-DOT. 

creased with age (Sanders, 1970). 

The DDT s e n s i t i v i t y  in- 

8.  Chronic Toxici ty ,  P l an t  Effects and Residues 

P e r t i n e n t  data could not be located i n  the available l i t e r a t u r e .  

V I .  MISTING GUIDELINES AN0 STANOAROS 

Neither the hman h e a l t h  nor the aqua t i c  cr i ter ia  derived by U S .  EPA 

( 1 9 n d ,  which are s m r i z e d  below, have gone through the  p m c e s s  o f  'public 

review; the re fo re ,  there is a p o s s i b i l i t y  that these criteria w i l l  be 

changed. 

. .  



A. Human 

I n  1972, the U.S. €PA .banned the agricultural use pf  ODT i n  the 

There are no other specific guidelines or  standards fo r  ODD. United States. 

However, f o r  the protection of human health w i t h  respect to DOD, c r i t e r i a  of 

0.98, 0.098, and 0.0098 ng/l have been proposed for DDT corresponding t o  

r i s k  levels o f  lo", and lo", respectively. If water alone is 

consumed, the  water concentration should be less  than  0.36 pg/l t o  keep t h e  

lifetime cancer r i s k  below 

8.  Aquatic 

The cr i te r ia  for DOT and its metabolites are proposed for the pro- 

tection of aquatic l i f e  from the effects  of DDD. The 24-hour average for 

the protection of freshwater aquatic l i f e  is 0.00023 pgA, not t o  exceed 

0.41 pg/l a t  any time. For saltwater aquatic l i f e ,  the 24-hour average is 

0.0067 pg/1, not t o  exceed 0.021 1.1911 a t  any time. 
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DISCLAIMER 

T h i s  r e p o r t  r e p r e s e n t s  a s u r v e y  of t h e  p o t e n t i a l  h e a l t h  
and  e n v i r o n m e n t a l  hazards  from e x p o s u r e  t o  t h e  s u b j e c t  chemi-  
c a l .  The i n f o r m a t i o n  c o n t a i n e d  i n  t h e  report  is drawn c h i e f l y  
from s e c o n d a r y  s o u r c e s  and a v a i l a b l e  r e f e r e n c e  documents .  
Because o f  t h e  l i m i t a t i o n s  of such  s o u r c e s ,  t h i s  s h o r t  p r o f i l e  
may n o t  r e f l e c t  a l l  ava i l ab le  i n f o r m a t i o n  i n c l u d i n g  a l l  t h e  
adverse hea1,th and e n v i r o n m e n t a l  i m p a c t s  p r e s e n t e d  by t h e  
s u b j e c t  chemical. T h i s  document has unde rgone  s c r u t i n y  t o  
e n s u r e  i t s  t e c h n i c a l  a c c u r a c y .  



WE 

Summary 

- 

DOE e x i s t s  as two isomers, o ,p ' -  and p,p'-ODE [1,1'-(2,2-dichloroeth- 

enylidene )-bis-bchlorobenzene] is  the major contaminant (ca. 4 percent  1 o f  

commercial p repa ra t ions  o f  p,p'-ODT [l,l'-(2,2,2-trichlaroethylidene)- bis- 

4-chlorobenzene], as well as being a metabol i te  of  p,p'-OOT. p,p'-DOE is a 

Its resi- 

dency time in the body Fs extremely long. p,p"-DOE has be% shown to be 

highly l i p o p h i l i c  compound which undergoes no f u r t h e r  metabolism. -. 

carcinogenic  in mice but not i n  rats. 

breaks. 

In cel l  c u l t u r e  it causes  chromosomal 

The only aquatic t o x i c i t y  data a v a i l a b l e  on p,p'-DDE involve acute  tox- 

The 48-hr. LC50 i c  flow-through exposures t o  two saltwater inve r t eb ra t e s .  

f o r  a shrimp is 28 pg / l ;  the 96-hr. LC50 f o r  t h e  Eastern o y s t e r  is 14 p g / l .  

a 

... 

. . . . .. - . - - _ _  . . . _. . -- -. . . .  . .  



I .  INTRODUCTION 

T h i s  p r o f i l e  is based on t h e  Ambient Water Q u a l i t y  C r i t e r i a  Document 

f o r  DOT and metabol i tes  (U.S. €PA, 1979a). 

DOE i s  a contaminant of t e c h n i c a l  l,lt-(2,2,2-trichloroethylidene)-bis- 

4-chlorobenzene (DDT). Its two isomers,  p , p ' d O E  [l,lt-(2,2-dichloroetheny- 

lidene)-bis-4-chlorobenzene] and o,p'-DDE make up approximately 4.0 and 0.1 

pe rcen t ,  r e spec t ive ly ,  of t e c h n i c a l  grade DOT. Between 1970 and 1973 ( t h e  

€PA banned DOT i n  19721, a s i g n i f i c a n t  d m p  i n  t h e  r e s idues  o f  DOT i n  t h e  

U.S. occurred, c o n s t i t u t i n g  a .decrease o f  86 percent .  However, during t h i s  

time period,  r e s i d u e s  of DOE decreased only 27 percent .  I n  fact ,  p,p'-DDE 

res idues  comprise most of t h e  b i o l o g i c a l  residues (ca. 71 pe rcen t )  a r i s i n g  

- r  

from DOT a p p l i c a t i o n  (U.S. €PA, 1979a; Kveseth, e t  a l .  1979). 

11. EXPOSURE 

Li t t le  inTormation is a v a i l a b l e  on exposure t o  DOE, although t h e  gener- 

a l  exposure p a t t e r n  probably follows t h a t  of DOT, a s  ou t l i ned  i n  ODT: Haz- 

ard P r o f i l e  (U.S. P A ,  19795). DOE r e s idues  appear t o  be disappeazing from 

t h e  environment a t  a slower rate than DOT following t h e  1972 ban on DOT 

(U.S. EPA, 1975). Wessel (1972) c a l c u l a t e d  t h e  d a i l y  d i e t a r y  i n t a k e  of 

p,p'-DOE t o  be 0.018 mg/man/day, as ccrpared w i t h  a value o f  0.027 mg/man/ 

day f o r  DOT. A r ecen t  s tudy  by de Campos and Olszyne-Marzys (1979) based on 

s t u d i e s  i n  La t in  American c o u n t r i e s  s t i l l  using DOT i n d i c a t e s  t h a t  human 

m i l k  con ta ins  more p,p'-DOE than p,pt-DOT (up t o  3 pg/1 whole m i l k )  i n  every 

sample taken. 

. 
. -. . .  . .  



111. PHARMACOKINETICS 

A. Absorption 

DOE is absorbed from t h e  g a s t r o i n t e s t i n a l  t ract  w i t h  high e f f i c i e n -  

cy characteristic of dietary fat. Maximum l i p i d  s o l u b i l i t i e s  reach 100,000 

PPm. 

8.  Dis t r ibu t ion  

The d i s t r i b u t i o n  of DOE is similar t o  t ha t  described f o r  DOT i n  the 

EPA/ECAO Hazard Profile on DOT (U.S. P A ,  197%). S e m  and adipose concen- -. 
t r a t i o n s  of p,p'4JDE rise slower than DOT, w i t h  the' peak some months i n  fo l -  

lowing terminat ion of dosing. The human adipose s to rage  of p,pl-OOE is 

g r e a t e r  than that for GOT, and p,p'-ODE is el iminated f r o m  t h e  body very 

slowly. This  is also t r u e  for the  Rhesus monkey (Durham, e t  a l .  1963). 

Storage loss data predict  that, i f  d i e t a r y  intake were el iminated,  it would 

take an e n t i r e  l i f e s p a n  t o  e l imina te  t h e  average human body burden of p , p ' -  

CCE. It has been shown tha t  t i s s u e  s to rages  of p,p'-DDE i n  the  general  poo- 

u l a t i o n  o r i g i n a t e  almost e n t i r e l y  from dietary p,pI-DDE rather than DOT con- 

vers ion (U.S. €PA, 1979a). However, t h i s  may not be t h e  case f o r  p,p'-ODE 

' r e s i d u e s  i n  human m i l k  (de Campos and Olszyne-Marzys, 1979). 

C. Metabolism 

The end product of  the metabolism of DOT which proceeos via  reduc- 

t i v e  dehydrochlorination is p,pl-ODE. In add i t ion ,  p,p'-ODE is the major 

storage product of OOT in animals [apart from hamsters (Agthe, e t  a l .  197011 

and hmans. The enzymes for  metabolizing DDT t o  p,p'-DDE are present  i n  a l l  

t i s s u e s  (Fang, e t  al. 1977). . 
I n  humans given p,p'-DOT o r a l l y ,  no more than one-f i f th  of the 

absorbed DOT u l t ima te ly  undergces conversion t o  p,p'-ODE (Morgan and Rban, 

1977). p,p'-DOE does not undergo f u r t h e r  metabolism t o  2,2-bis(l-chloro- 

phenyl)-acet ic  acid (DOA), the u r ina ry  exc re t ion  product of DOT. 

. 4  -- . . - . . .. . - -- 



0. Excretion 

Excretion of p,p'-ODE has not  been demonstrated i n  man. In mice, 

The o,p'-isomer p,p'-ODE is excreted i n  t h e  u r i n e  (Wallcave, e t  a l .  1971). 

i s  more easily excreted than t h e  p,P'-isomer (Morgan and Roan, 1977).  

I V .  EFFECTS 

A. Carcinogenicity 

Only two s t u d i e s  have been performed t o  assess t h e  ca rc inogen ic i ty  

of p,p'-DDE. 

ODE i n  their  d i e t  (Tomatis, e t  al .  1974). p,p:-DDE increased l iver t m o r  . 

incidence fmm 1 percent  i n  c o n t r o l s  t o  90 percent  i n  treated female 

In  a l i f e s p a n  s tudy,  CF-1 mice were fed 37.5 mg/kg/day p,p ' -  
. -. 

animals, and from 34 t o  74 percent  i n  male animals. The combination 

p,p'-ODE/DDD produced more tumors than either c o n s t i t u e n t  alone a t  the same 

concentrat ion i n  t h e  combination. In a Nat ional  Cancer I n s t i t u t e  s t u d y  

(1978), Osborne-Mendel rats and B6C3Fl mice were dosed with p,p'-DDE f o r  78 

weeks. In rats,  p ,p ' -  DOE had no carcinogenic  effect on either females (22  

mg/kg/day). o r  males (42 mg/kg/ day) ,  al though hepa to tox ic i ty  was ev iden t .  

In mice, hepa toce l lu l a r  carcinomas were s i g n i f i c a n t l y  increased i n  t h e  

animals fed p,p'-DDE (22  and 39 mg/kg/day f o r  females and males, 

respectively). . 

B. Mutagenicity 

p,p'-ODE has been shown t o  be nonmutagenic i n  E. c o l i  Pol-A s t r a i n s  

(Fluck, et  a l .  19761, Escherichia marcescens (Fahrig,  19741, and i n  the  hos t  

mediated assay using Salmonella typhimurium and E. marcescens (Buselmaier , 
et a l .  1972) and Saccharomyces c e r e v i s i a e  (Fahrig,  1974). Vogel (1972) mea- 

sured X-linked r eces s ive  le thal  mutations i n  Drosophila melanoqaster and 

found no activity f o r  p,p'-ODE. I n  mammalian systems, t h e  mutagenic a c t i v i -  

t y  of p,P'-DOE is r e l a t i v e l y  weak. T h i s  is evidenced by t h e  f a c t  t h a t ,  de- 

-- 
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pending upon t h e  dose and m u t e  of admin i s t r a t ion  and t h e  species s e n s i t i v i -  

t y  of the test  organism, reported s t u d i e s  are negat ive o r  marginally posi-  

tive (U.S. E P A ,  1979a). Some chromosomal a b e r r a t i o n s  and i n h i b i t i o n  o f  pro- 

l i f e r a t i o n  have been observed wi th  p,p'-ODE i n  cel l  c u l t u r e  (Palmer, e t  a l .  

1972; Mahr and Miltenburger , 1976) . The 0, p -isomer causes  fewer chromosom- 

a l  a b e r r a t i o n s  (Palmer, e t  al .  1972). 

C. Teratogenici ty ,  Other Reproductive Effects and Chronic Toxici ty  

P e r t i n e n t  information could not be located i n  the a v a i l a b l e  litera- 
-, 

t u r e .  

0. Other Relevant I n f o m a t i o n  

Since p,p'-DDE is  a metabolite of  DOT, a s  well as a contaminant of 

ccmercial preparat ions of  ODT, many o f  t he  effects of  ODT could be mediated 

through p,p'-DOE. Information on ODT is presented i n  DOT: Hazard Pmfile 

(U.S. EPA, 197%). Oral acu te  values f o r  p,p'-ODE i n  rat are 380 

mg/kg f o r  males but 1,240 mg/kg f o r  females (Hayes, e t  a l .  1965). 

V .  A Q U A T I C  TOXICITY 

A. Acute Toxici ty  

The 9-r. LCfO value f o r  p,p'-DDE f o r  t h e  comparatively resis- 

t a n t  frshwater p l ana r i an  (Polycelis f e l i n a )  was 1,050 pg/1 (Kouyoumjian and 

Ucjlow, 1974). 

two saltwater inve r t eb ra t e s .  

- u s  aztecus,  was 28 Dg/l; the 96-hr. LC3 f o r  the Eastern o y s t e r ,  Crassos- 

- trea v i rq in i ca ,  was 14 pg/1 (U.S. €PA, 1979a). Both s t u d i e s  were flow- 

through exposures. 

The acu te  t o x i c i t y  o f  p,p'-DDE has a l s o  been i n v e s t i s z t o d  i n  

The 48-hr. LC50 f o r  t h e  brown shrimp, Penae- . 

E. Chronic Toxici ty  and P l a n t  Effects 

P e r t i n e n t  data could not be located in the  a v a i l a b l e  l i t e r a t u f e .  

d 
336 
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a .  C. Residues 

p,p'-DOE is  a major metabolite of DOT i n  aquatic ecosystems. One 

s tudy  involving b i r d  eggshells and DOT showed p,pl-DDE t o  comprise 62 per- 

cent of the DOT metabolites (U.S. EPA, 1979a). Average residues i n  egg- 

shel ls  of the great black-backed g u l l  ranged from 14 t o  68 ng/g. of  l i p i d  

(Cooke, 1979). p,p'-ODE i n  f a t  and muscle of the  white-faced i b i s  i n  19741 

75 were as high as 65 ng/g l i p i d  (Capen and Leiker, 1979). No studies are  

available, however, involving p ,p  '-DOE specifically. 

V I .  EXISTING GUIDELINES AND STANDARDS 

-. 

Neither the human health nor t h e  aquatic c r i t e r i a  derived by U.S. EPA 

(1979a1, which are summarized below, have gone through the process of p u b l i c  

review; therefore, there is a possibil i ty that  these c r i t e r i a  w i l l  be 

changed. 

A.  Human 

In 1972, the U.S. EPA banned the agricultural  use of COT i n  t k e  

United States. There are no other specific guidelines o r  standards for 

ODE. However, for t h e  protection of human health w i t h  resDect t o  ODE, 

c r i t e r i a  of 0.98, 0.098 and 0.0098 ng/l have been proposed for DOT corres- 

ponding t o  r i s k  levels of and respectively. If 

water alone is consmed, the water concentration should  be less  than 0.35 

pg/1 to  keep the lifetime cancer r i s k  below 

B. Aquatic 

The c r i t e r i a  for DOT and its metabolites are  proposed for t h e  

protection of aquatic l i f e  from the effects  of DOE. The 24-hour average for 

the protection of freshwater aquatic l i f e  is  0.00023 pg/1, not t o  exceed 

0.41 pg/1 a t  any time. For saltwater aquatic l i f e ,  the 24-hour average is 

0.0067 pg/l, not to  exceed 0.021)lg/l a t  any time. 
- .  
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DISCLAIMER 

T h i s  repor t  r e p r e s e n t s  a s u r v e y  o f  t h e  p o t e n t i a l  h e a l t h  
a n d  e n v i r o n m e n t a l  hazards from e x p o s u r e  t o  t h e  s u b j e c t  chemi- 
ca l .  The i n f o r m a t i o n  c o n t a i n e d  i n  t h e  report is drawn c h i e f l y  
from s e c o n d a r y  s o u r c e s  and  ava i l zb le  r e f e r e n c e  d o c u m e n t s .  
B e c a u s e  of t h e  l i m i t a t i o n s  of s u c h  s o u r c e s ,  t h i s  s h o r t  p r o f i l e  
may n o t  ref lect  a l l  a v a i l a b l e  i n f o r m a t i o n  i n c l u d i n g  a l l  t h e  
adverse h e a l t h  a n d  e n v i r o n m e n t a l  i m p a c t s  p r e s e n t e d  by t h e  
s u b j e c t  chemical. T h i s  document  has  u n d e r g o n e  s c r u t i n y  t o  . 
e n s u r e  its t e c h n i c a l  a c c u r a c y .  
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SPECIAL NOTATION 

U . S .  E P A ' s  Carcinogen Assessment Group (CAG) h a s  eva luated  

DDT and has  found s u f f i c i e n t  ev idence  to i n d i c a t e  t h a t  t h i s  

compound is c a r c i n o g e n i c .  

. 
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ODT , - 
Summary 

The most commonly used DDT was a t e c h n i c a l  formulat ion and usua l ly  con- 

s i s t e d  of a mix ture of p,p'-OOT (77.1 percent) ,  o,p'-ODT (14 percent) ,  p,p'- 

ODD (0.3 percent) ,  o,p'-DDD (0.1 percent) ,  p,p'-ODE (4 percent), o,p'-OOE 

(0.1 percent and 3.5 percent u n i d e n t i f i e d  compounds. Pure DDT i s  the  p,p'- 

isomer [l, 1 -( 2 , 2,2-trichloroethylidene)-bis-4-chlorobenzene 1. Unless spe- 

c i f i c a l l y  i d e n t i f i e d ,  the  term DDT w i l l  r e f e r  to. the pure form. P r i o r  t o  

being banned i n  the U.S. i n  1972, DDT was used extens ive ly  as a pest ic ide.  

Due t o  the h igh l i p i d  s o l u b i l i t y  of DDT, i t  has a long residency t ime 

i n  the body. DOT has produced adverse reproduct ive ef fects  i n  rodents and 

b i rds,  bu t  adverse e f fec ts  have n o t  been noted i n  man. The lowest acute 

o r a l  LDS0 value was found f o r  the dog (60-75 mg/kg). There i s  s u g g s t i v e  

evidence t h a t  DDT might be a carcinogen, and weak evidence t h a t  i t  might be 

a teratogen. Chromosomal breaks have been observed with DOT exposure i n  

v i t r o  and i n  vivo. 
- 

- -- 
ODT i s  acute ly  t o x i c  t o  freshwater f i sh  a t  concentrat ions as low as 0.8 

pg/1 and t o  inver tebrates a t  0.18 p g / l .  Chronic t o x i c i t y  has been manifest- 

ed i n  the fathead minnow i n  the range o f  0.37 t o  1.48 f ig/ l .  A weighted 

average bioconcentrat ion factor  of 39,000 has been estimated fo r  ODT fo r  

consumed f ish and she l l f i sh .  For sa l twater  f i s h  and inver tebrates,  DDT con- 

cent ra t ions  as low as 0.2 & g / l  and 0.14 F g / l ,  respect ive ly ,  have been re- 

por ted t o  be acute ly  tox ic .  Chronic t o x i c i t y  data, fo r  sa l twater  organisms 

are n o t  avai lab le.  



DDT - 
I. INTRODUCTION 

This p r o f i l e  is based primarily on the Ambient Water Q u a l i t y  C r i t e r i a  

Oocument f o r  ODT (U.S. E P A  , 1979a). 
ODT has been used extensively world-wide f o r  publ ic  h e a l t h  and agr icu l -  

It has played a large role t u r a l  programs as .a broad spectrum insecticide.' 

i n  the world-wide control o f  the malaria mosquito. In 1972, following an 

extensive review o f  heal th  and environmental hazards of the use o f  DOT, the 

U.S. €PA decided to ban any f u r t h e r  use o f  DOT. \ P r i o r  t o  this, t e c h n i c a l  

grade ODT had been widely used i n  the U.S. , wi th  a peak usage i n  1959 o f  80 

mi l l ion  pounds. T h i s  amount decreased steadily to  less than 12 mil l ion  

-. 

pounds by 1972. Since the 1972 ban, the use o f  DOT i n  the U.S. has been ef- 

f e c t i v e l y  discontinued. However, technica l  grade ODT is  sti l l  used in nany 

o ther  count r ies  and widespread contamination st i l l  occurs. Since 000 and 

ODE are a l s o  metabol i tes  o f  W T ,  it is sometimes d i f f i c u l t  t o  s q a r a t e  cm- 

tamination fmm metabolic accumulation. The compounds o f  DOT a r e  exrrmely 

p e r s i s t e n t  and are so widespread that  levels as high as 15 ppb have been de- 

tected i n  feed f o r  laboratory animals (Coleman and T a r d i f f ,  1979). 

11. EXPOSURE 

The primary m u t e  of human exposure t o  DOT is fiom inges t ion  of small 

amounts i n  the diet. Biological  magnification o f  ODT i n  t h e  food chains  oc- 

curs by two m u t e s :  (1) dtrect absorpt ion fmm contaminated water by aquat- 

ic  organisms; (2) transfer of residues thrcugh sequent ia l  predator feeding. 

Meats, f i sh ,  poul t ry ,  and dairy products a r e  the primary sources o f  DOT 

residues i n  the human diet. The U.S. P A  (1979a) has estimated the weighted 

average bioconcentration f a c t o r  of ODT a t  39,000 f o r  consumed f i s h  and 

she l l f i sh .  Due t o  the banned usage of DOT i n  the U.S., there has been a 

6 0-J,. .. 
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continual decline i n  the DDT residue i n  food. These decreases are reflected 

i n  the changing amounts of estimated dietary intake: 1965 - 0.062 mg/man/ 

day; 1970 - 0.024 mg/man/day; 1973 - 0.008 mg/man/day (U.S. €PA, 1975). 

Levels of DDT- found i n  t h e  a i r  are fa r  below levels that  add significantly 

to  t o t a l  human intake. Stanley, e t  a l .  (1971) sampled a i r  i n  nine locali-  

t i e s ,  and found DDT i n  the ranges of 1 -ng/m3 to 2520 ng/m3 of a i r .  

Wolfe and Armstrong (1971) showed t h a t  industrial  workers not wearing respi- 

rators could be exposed t o  significant levels of DOT i n  the a i r  (up t o  34 

mg/man/hour) , particularly i n  t he  formulating plahts. Exposure for agricul- 

tural  spray operators may be as h igh  as 0.2 mg/man/hour (Wolfe, 1967). Der- 

mal exposure for formulators was estimated t o  range from 5 t o  993 mg/man/ 

hour (Wolfe and Armstrong, 1971). L i t t l e  DOT was found i n  the urine, how- 

ever. Denal absorption of ODT is minimal. 

~ 

Denal toxicity i n  ra t s  occurs a t  3,000 mg/kg (U.S. €PA, 1979a). Hayes 

food (1966) estimaced the intake of ODT t o  be i n  the following proportions: 

- 0.04 mg/man/day; water - 4.6 x mg/man/day; and a i r  - 9 x 

mg/man/day. 

mg/man/day (U. S. €PA, 1979a 1. 

111. PHARMACOKINETICS 

The actual dose for the average man is now estimated to  be 0.01 

A.  Absorption 

DOT i s  absorbed from the gastrointestinal t r a c t  wi th  efficiency ap- 

proaching 95 percent when ingested with dietary fa t .  I n  humans, Morgan and 

Roan (1971) showed that absorption of an oral dose of 20 mg DOT proceeded 

faster  than transport out of the vascular compartment into t issue storage. 

Studies concerning the kinetics of absorption of DOT via inhalation o r  der- 

mal routes were not found i n  the available l i terature .  

6 0-6 



8. Distr ibut ion 

DOT has been f w n d  i n  v i r tua l ly  a l l  body t i ssues ,  approximately i n  

proportion t o  respective t i s sue  content o f  extractable  l i p id .  The adipose/ 

blood r a t i o s  of DDT have been recent ly  estimated t o  be approximately 280:l 

(Morgan and Roan, 1977). DOT concentrations i n  body t i s sues  were highest  

fo r  f a t  t i s sue ,  followed by reproductive organs, the l iver and kidney to- 

gether ,  w i t h  lowest Concentrations found i n  the brain (Tomatis, e t  al. 

1971). Elimination of very low levels of DDT f r o m  s torage proceeds much 

more slowly than that o f  the large stores of DDT'accumulated by occupation- 

a l l y  exposed workers o r  dosed volunteers (Morgan and Roan, 1971). The aver- 

age North American adul t ,  with 17 kg of body fat ,  contains approximately 25 

mg o f  DOT. It is predicted from storage loss data that, if dietary intake 

were eliminated, most of the DOT would be l o s t  within one o r  two decades 

(U.S. €PA, 1979a). Trace metals i n  t h e  diet ,  par t icu lar ly  cadmium, may af- 

fect the mobilization of DDT i n  tissues (Ando, 1979). 

C. Metabolism 

T h e  metabolism of ODT i n  man appears t o  be the same a s  t h e  pathways 

reported by Peterson and Robison (1964) f o r  the mouse. Generally, two sepa- 

rate reductive pathways produce t h e  primary endpoint metabolites, p,p'-CSE 

. 

and p,p'-DDA. The piedaninant conversion is of DDT t o  p,p'-ODD via  decnlor- 

inat ion.  This is the first product i n  a series which r e s u l t s  i n  metabolites 

which are la ter  excreted. The other  primary pathway proceeds v ia  reductive 

dehydrochlorination which results i n  the formation o f  p,p'-DOE the major 

s torage product i n  animals and b a n s .  Fant, e t  a l .  (1977) suggest that  

emymatic a c t i v i t y  f o r  the dehydrochlorination and reductive dechlorination 

reactions t ransfoming ODT t o  WD and DOE is present i n  a l l  t i s sues ,  whereas 

the enzymes involved i n  the hydrogenation and hydroxylation steps changing 

. .  . . - .  
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ODD t o  DDA are absent i n  the brain, heart, pancreas, and muscle o f  the r a t .  

Metabolic conversion of DOT t o  DDA proceeds more rap id l y  than conversion t o  

the storage metabolite o f  DOE. For add i t iona l  information regarding the DOT 

metabolites ODD and DOE, the reader i s  referred t o  the Hazard P ro f i l e  for  

those chemicals (U.S. €PA, 1979b,c). 

D. Excret ion 

The excret ion o f  DDT was invest igated i n  human volunteer studies of 

Hayes, e t  a l .  (1971) and Roan, e t  a l .  (1971). Ur inary excret ion predominat- 

ed, with 13 t o  16 percent o f  the d a i l y  dose being excreted as p,p'-DDA, and 

was shown t o  cor re la te  with exposure l eve l s  o f  ind iv idua ls  working i n  a for -  

mulating p lan t  '(Ortelee, 1958). p,p'-DOE and DOT are the predominant ccm- 

pounds excreted and p,p'-DDD and p,p'-DDA are excreted i n  the l eas t  amounts 

(Morgan and Roan, 1977). p,p'-DDE was found i n  s l i g h t l y  higher concentra- 

t ions  i n  exposed workers versus the general population. Gut microorganisms 

have demonstrated a capacity for degradation of  DOT t o  p,p'-ODD and p,p'-DDA. 

I V .  EFFECTS 

-. 

A.  Carcinogeniity 

L i fe t ime and multigeneration exposures t o  DDT i n  the d i e t  of ra ts ,  

mice, and f i s h  have produced s ign i f i can t  increases i n  the formation o f  a 

number of tumor types (U.S. EPA, 1979a). The predominant lesiof l  appears t o  

be hepatoma. Also, Tomatis, e t  a l .  (1974) demonstrated tha t  short-term ex- 

posure t o  technica l  grade DDT (37.5 mg/kg/day for 15 or  30 weeks), using 

CF-1 mice, resul ted i n  an increased incidence and ear ly  appearance of hepa- 

tomas, s im i la r  t o  that caused by l i f espan  exposure. 'Mice appear much more 

susceptible than r a t s  ( U S .  €PA, 1979a) and the use of the mouse as an ani- 

mal model fo r  humans has been c r i t i c i z e d  (Deichmann, 1972). I n  these stud- 

i e s  contaminants P,P'-oDD and P,p'-DDE were present, both o f  which have pro- 

* 
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duced l i v e r  tunors  i n  CF-1 mice (Tomatis, e t  a l .  1974). Also, the  combina- 

t i o n  of p,pl-OOD/ODE was found t o  produce more tumors than and s q u a l  concen- 

. t ra t ion of either compound alone. Tarjan and Kemeny (1969) noted leukemias 

and pulmonary carcinomas i n  Bald-C mice fed 3 ppm DOT i n  the d i e t .  Hepato- 

mas have been observed i n  rainbow t r o u t  (Halver, e t  al. 1962). 

A nunber o f  other  s t u d i e s  have shown no s i g n i f i c a n t  increase i n  

tumor formation following DOT exposure. U f e t i m e  feeding s t u d i e s  with Syri- 

an Golden Hamsters (Agthe, e t  al .  1970) and a number of long term feeding 

studies w i t h  various strains of  rats have shown no  s i g n i f i c a n t  increase i n  

tumor incidence (Cameron and Cheng, 1951; Fitzhugh and Nelson, 1917; Radom- 

s k i ,  et  al. '1965; Deichmann, e t  al. 1967). I n  a 78-week National Cancer In- 

s t i t u t e  study (19781, Osborne-Mendel rats given 1 6  and 32 mg/kg/day (maies) 

o r  U and 21 mg/kg/day (females) showed no tumors. eQC3Fl mice given 3.3 

and 6.6 mg/kg/day (males) o r  13 and 26 mg/kg/dai (females) a l s o  showed no 

tumor development. Durham, e t  al. (1963) found no l i v e r  pathology i n  Rhesus 

monkeys fed 100 mg/kg/day or less DOT f o r  up t o  7.5 years. A t  t h e  p r r s e n t  

time, no evidence of neoplasia has been found in t h e  s t u d i e s  perfoAed i n  

occupationally exposed o r  dosed volunteer subjects (U. S. €PA, 19793 1 . 
9. Mutagenicity 

ODT has not  shown mutagenic a c t i v i t y  i n  any of t h e  b a c t e r i a l  t es t  

Salmonella tvphimurium (McCann, e t  a l .  1975; Mar- system; thus far s tudied:  

sha l l ,  e t  al. 1976); E. s P o l 4  s t r a i n s  (Fluck, e t  al .  1976); Baci l lus  

s u b t i l i s  (Shirasu,  e t  al. 1976). Tests on eukaryot ic  yeast cells  have been 

._ m i f o m l y  negative,  with Fahrig (1974) using Saccharomvces c e r e v i s i a e  and 

C l a r k  (1974) using Neurospora - crassa. Vogel (1972) and Clark (1974) found 

p o s i t i v e  mutagenic a c t i v i t y  in Drosophila melanoqaster by measuring x 4 i n k e d  

recess ive  lethal mutations. I n  mamnalian systems, the mutagenic a c t i v i t y  of 

d 
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DOT is relatively weak. This is evidenced by the  fact t h a t ,  depending upon 

t h e  dose and rou te  of admin i s t r a t ion  and t h e  s p e c i e s  s e n s i t i v i t y  of the tes t  

organisms, reported s t u d i e s  are negat ive or  only marginally p o s i t i v e  ( U S .  

EPA, 1979a). In  vivo and i n  v i t r o  cy togene t i c  s t u d i e s  seem t o  i n d i c a t e  t h a t  

DOT is a c l a s togen ic  (chromosome breaking) substance.  The me tabo l i t e s  p , p  I-  

DOE, p , p ' -000, p, p ' -0OA and p, p ' -DOOH were a l s o  non-mutagenic except possi-  

b l y  f o r  p,p'-ODO (U.S. €PA, 1979a). Chromosomal a b e r r a t i o n s  i n  ce l l  l i n e s  

of the kangaroo rat  occurred more o f t en  wi th  p, p -isomers than 0, p I -isomers 

(Palmer, e t  al. 1972). \ 

-- -- 

-. 

C. Teratogenici ty  

Only minimal t e r a t o g e n i c  effects have been reported following high 

dosages of DOT. Sprague-Oawley rats rece iv ing  200 ppm DOT i n  their  d i e t  

showed a s i g n i f i c a n t  i nc rease  i n  r i n g  t a i l ,  a c o n s t r i c t i o n  of the t a i l  fol-  

h w e d  by amputation, i n  the o f f s p r i n g  (Ottoboni,  1969). 

0. Cther Reproductive Effects 

Hart, et a l .  (1971) showed t h a t  DOT has an effect  on prematurity 

and causes an inc rease  i n  the number o f  fe ta l  resoq&ns i n  rabbits given 

50 mg/kg on days 7, 8, and 9 of ges t a t ion .  Chronic exposure (less than 200 

mg/kg) of rats and mice produced no adverse effects on s u r v i v a l  of the  o f f -  

sp r ing  (Ware and Good, 1967; Ottoboni,  1969). Krause, e t  a l .  (1-075) noted a 

damaging effect on spermatogenesis i n  rats following acu te  exposure t o  DOT 

(7,200 mg/kg). Also, DOT has been shown t o  possess  e s t r o g e n i c  a c t i v i t y  i n  

rodents  and b i r d s  (Welch, e t  a l .  1969; Bittman, e t  a l .  1968). 

E. Chronic Toxici ty  

A number of pa tho log ica l  changes have been noted i n  rodents ;  t h e  

most c o n s i s t e n t  f inding i n  lifetime feeding s t u d i e s  has been an incre'ase i n  

t h e  size of l iver ,  kidneys, and spleen;  ex tens ive  degenerat ive changes i n  
- -  . 



the  liver; and an increased mortali ty rate . ( U S .  P A ,  1979a). In  cont ras t  

' t o  the rodent models, Rhesus monkeys fed d i e t s  wi th  up t o  200 ppm DOT d i d  

not show l iver histopathology, decrease i n  weight gain o r  food consumption, 

_. . 

o r  c l i n i c a l  s igns of i l l n e s s  (Durham, e t  a l .  1963). 

F. Other Relevant Information 

DOT is a strong inducer o f  t h e  mixed function oxidase system; this 

could poten t ia l ly  enhance the biological  effects of o ther  chemicals by ac t i -  

vation, o r  diminish their activit ies through detoxif icat ion mechanisms (U.S. 

P A ,  197%). Exposure to DOT has caused enhanced tunor incidence in N-fluor- 

enacetamide-treated rats (Weisburger and Weisburger, 1968) and decreased 

phenobarbital-induced sleeping times (Conney , 1967). Acute o r a l  val- 

ues i n  rats typica l ly  range f r o m  100 t o  400 mg/kg and 40 t o  60 mg/kg i . v .  

T h e  o ra l  LD50 values i n  other animals are: 60 t o  75 mg/kg (dogs); 253 t o  

400 mg/kg ( r a b b i t s ) ;  approximately 200 mg/kg (mice). For p,p'-ODE, the val- 

ues are 380 and 1,240 mg/kg in male and f m a l e  rats, respect ively;  for  p , ? ' -  

DOA in rats, the va lues  are 740 and 600 mg/kg, respectively (U.S. E?A, 

1979a). Symptoms of ODT poisoning i n  humans include the following: convul- 

s ions,  parasthesia of extremit ies  and vomiting ( a t  high doses) ,  convulsions 

and nausea (less than 16 mg/kg), dizziness, confusion and mcst cfiaracteris- 

t icalk],  tremors (Hsyes, 1963). 

doses less than 5 ppm (Laug, et al. 1950). 

DOT has been recorded ( U S .  €PA, 197%). 

V. AQUATIC TOXICITY 

In rats,  the liver shows changes a t  diecaiy 

Na permanent injury t o  man from 

A. Acute Toxicity 

The acute tox ic i ty  o f  DDT t o  freshwater organisms has been well 

documented. Data are ava i lab le  fo r  25 species  of f i s h .  The 96-hou; LCso 

values are available for  the following freshwater f i sh :  rainbow t rou t  (z- 



- mo aairdneri) , 1.7 to  42 pg/l; fathead minnow (Pimephales momelas), 7.4 to  

58 pg/l; channel catfish (Ictalurus punctatus), 16 t o  17.5 pg/1; bluegill 

(Leoomis macrochirus), 1.2 t o  210 pg/1. The most sensitive of f i s h  was the 

yellow perch (Perca flavesceus) with a 96-hour LC50 of 0.6 pg/1 (Marking, 

1966). Invertebrate freshwater species are more sensitive than f i s h .  For 

Daphnia maqna, 48-hour LC50 values of 1.48 wg/l have been reported (Pries- 

t e r ,  1965). One week old crayf i sh  (Orconectus - nais) had a 96-hour LC50, 

value of 0.18 pg/l (Saunders, 1972). LC50 values for n i n e  saltwater f i s h  

species range from 0.2 t o  4.2 pg/1. Saltwater invertebrates were s l i g h t l y  

more sensitive, wi th  LC50 values ranging from 0.14 t o  10.0 pg/1 (U.S. P A ,  

1979a . 
Concentrations as low as 8 vg/1 el ic i ted hyperactive locomotor re- 

sponses i n  b l u e g i l l  (Leoomis macrochirus) over 16 days old (Ellgaard, e t  a l .  

1977). The acute LD50 i n  adult summer frogs (Rana ternooraria) was only 

7.6 rnglkg. Though adipose t issues contained most of the DOT, the ovaries of 

females contained as much 'of t h e  compound as  d i d  bones and spleen (Harri, e t  

a l .  1979). 

6. Chronic Toxicity 

Only one chronic freshwater f i s h  value is  available (Pimeohales 

promelas), indicating that tlCle chronic toxicity value is  C.7k pg/1 (Jarvi- 

nen, e t  a l . ,  1977). Freshwater invertebrate chronic toxicity data are not . - .  

available. Concentration of DDT affecting three saltwater invertebrate spe- 

cies i n  chronic studies are similar i n  LC5* values (U.S. €PA, 1979a). 

C. Plant Effects 

Four species of freshwater algae (Calovella sp.) have evidenced a 

Wu'rster wide range of sensi t ivi t ies ,  0.3 to  800 pg/l  (Sodergren, 1968). 

(1968) investigated t h e  effects  of DOT on four species of marine algae. The. 
- - -  - - -  - -  - . -  - - r  - - -  - _- 



data showed reduced rates of photosynthesis a t  l O ~ g / l ,  ind ica t ing  that al- 

gae a r e  much less s e n s i t i v e  t o  OOT than a r e  f i s h  and inver tebra tes .  

0. Residues . 

DOT is  bioconcentrated t o  a very high degree i n  aquat ic  organisms. 

An average bioconcentration f a c t o r  (8CF) o f  640,000 has been ca lcu la ted  from 

31 experimental measurements of bioconcentration done on 26 spec ies  of 

freshwater fish. Individual  6 F s  ranged from 490 t o  2,236,666. In  the 

f i e l d ,  8CF f a c t o r s  have been observed which a r e  seven times highe- p than the 

average values  derived Pmm laboratory data. T h i i  discrepancy may be due t o  

the many additional t r o p h i c  l e v e l s  involved and the possibly higher l i p id  

content  of  the organisms i n  the  f ie ld .  I n  s a l t w a t e r  species, the BCF f o r  

DOT ranges from 800 t o  76,300 times f o r  f i s h  and she l l f i sh  (U.S. P A ,  

197%). The lowest observed allowable maximum tissue concentrat ion was 0.5 

&g/kg f o r  domestic animals i n  animal feed (U.S. FOA,-1977) and i n  the brown 

pel ican (Pelecanus occ identa l i s  for  ecgshe l l  thinning (Elus ,  e t  al. 1972, 

1974). 

V I .  EXISTING GUIDELINES AND STANDARDS 

Neither the hman heal th  nor the aquat ic  cr i ter ia  derived by U.S. €PA 

(1979~1, which are smarized below, have gone through the process o f  public  

review; therefore ,  there is a p o s s i b i l i t y  t h a t  these c r i t e k i a  w i l l  be 

changed. 

A. Human 

The e x i s t i n g  guide l ines  and standards f o r  DOT are: 

YEAR AGENCY/ORC. STANOARO REMARKS - 
1971 WHO 0.005 mg/kg M a x i m  Acceptable O a i l y  

body weight Intake i n  food 

1976 U.S. EPA 0.001 pg/l Ambient Water Q u a l i t y  
C r i t e r i a  



1977 Natl. Acad. Sci., 
Natl. Res. Counc. 

1978 Occup. Safety 
Health Admin. 

1978 U.S. €PA 

I n  l igh t  of carcinooenic 
risk- projection, suggested 
strict c r i t e r i a  for DOT 
and DOE i n  d r ink ing  water 

Skin exposure 1 mg/m2 

0.41 u g / l  
0.00023 &g/l 

Final acute and chronic 
values for  water quality 
c r i t e r i a  for protection of '_  

aquatic l i f e  (freshwater) 

The U.S. €PA (1979a) i s  i n  t h e  process of establishing ambient 

water q u a l i t y  c r i te r ia .  Based on the  potential c&cinogenicity of DOT, cur- 

rent draf t  c r i t e r i a  are calculated on the estimate t h a t  0.98 pg/man/day 

would result i n  an increased additional lifetime cancer r i s k  of no more than 

1/100,000. Since man and the ra t  appear t o  be less  sensitive than mice, 

greater levels may be tolerable. 

8 .  Aquatic 

For GDT, the proposed draf t  cr i ter ion t o  protect freshwater aquatic 

l i f e  is O.O0023~g/l as a. 24-hour average; the  canwitration should not ex- 

ceed 0.41 p g / l  a t  any time. For saltwater aquatic species, the concentra- 

tion is  0.0067 p g / l  as a 24-hour average and should not exceed 0.021 p g / l  a t  

any time (U.S. €PA, 1979a). 
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DISCLAIMER 

T h i s  r e p o r t  r e p r e s e n t s  a s u r v e y  of t h e  p o t e n t i a l  h e a l t h  
and  e n v i r o n m e n t a l  h a z a r d s  from e x p o s u r e  t o  t h e  s u b j e c t  chemi-  
cal .  The i n f o m a t i o n  c o n t a i n e d  i n  t h e  r e p o r t  is drawn c h i e f l y  
f ram s e c o n d a r y  s o u r c e s  and a v a i l a b l e  reference documents. 
B e c a u s e  of t h e  l i m i t a t i o n s  of s u c h  sources, t h i s  s h o r t  p r o f i l e  
may n o t  ref lect  a l l  ava i lab le  i n f o r m a t i o n  i n c l u d i n g  a l l  t h e  
adverse hea l th  and e n v i r o n m e n t a l  impac t s  F r e s e n t e d  by t h e  
subjec t  chemical. T h i s  document has  undergone s c r u t i n y  to 
e n s u r e  i ts t e c h n i c a l  a c c u r a c y .  



D I B  RCEIOCHLORCEIETHANE 

SUMMARY 

D i b r m o c h l o r m e t h a n e  h a s  b e e n  d e t e c t e d  i n  d r i n k i n g  water i n  

t h e  U n i t e d  S t a t e s .  I t  i s  b e l i e v e d  t o  be formed by t h e  h a l o f o r m  

r e a c t i o n  t h a t  may o c c u r  d u r i n g  water c h l o r i n a t i o n .  D ib ranoch lo -  

r o m e t h a n e  c a n  b e  removed f r a n  d r i n k i n g  water v i a  t r e a t m e n t  w i t h  

a c t i v a t e d  c a r b o n .  T h e r e  i s  a p o t e n t i a l  for d i b r a n o c h l o r a n e t h a n e  

to  a c c u m u l a t e  i n  t h e  aquatic e v i r o n m e n t  because of i t s  r e s i s t a n c e  

t o  d e g r a d a t i o n .  V o l a t i l i z a t i o n  is l i k e l y  to be a n  i m p o r t a n t  

means of e n v i r o n m e n t a l  t r a n s p o r t .  

V e r y  l i t t l e  t o x i c i t y  i n f o m a  t i o n  is a v a i l a b l e .  D ib ranoch lo -  

r o m e t h a n e  g a v e  p o s i t i v e  r e s u l t s  i n  m u t a g e n i c i t y  t e s t s  w i t h  

S a l m o n e l l a  t y p h i n u r i u m  TA100. It  i s  c u r r e n t l y  u n d e r  t e s t  by t h e  

N a t i o n a l  Cance r  I n s t i t u t e .  

I. INTRODUCTION 

Dibrcanochlorane  t h a n e  ( CHBr2C1, m o l e c u l  r w e i g h t  208 .29)  is a 

c l e a r ,  co lor less  l i q u i d .  I t  i s  i n s o l u b l e  i n  uater, b u t  i s  s o l u -  

b l e  i n  a number o f  o r g a n i c  s o l v e n t s .  I t s  boi l ing  p o i n t  i s  119-  

12OOC and  i t s  d e n s i t y  is 2.45 a t  2OoC (Weast, 1 9 7 2 ) .  A t  10 .S°C,  

i t s  v a p o r  pressure is 15  t o r r  ( D r e i s b a c h ,  1 9 5 2 ) .  

A review of t h e  p r o d u c t i o n  r a n g e  ( i n c l u d e s  i m p r t a t i o n )  

s t a t i s t i c s  for d i b r a n o c h l o r o m e t h a n e  ( C A S  No.'124-48-1) wh ich  i s  

listed i n  t h e  i n i t i a l  TSCA I n v e n t o r y  ( 1 9 7 9 )  h a s  shown t h a t  

. : ,  r 61-3. 



between 0 and 900 pounds of t h i s  

i n  1977.y 

Dib r a n o c h l  orane t h a n e  is use 

chemica l  were Foduced/imported 

a s  a chemica l  i n t e r m e d i a t e  i n  

t h e  manufac tu re  of f i r e  e x t i n g u i s h i n g  a g e n t s ,  aerosol p rope l -  

l a n t s ,  r e f r i g e r a n t s ,  and pesticides 

11. EXPOSURE 

A. E n v i r o m e n t a l  Fa te  

( V e r s c h u e r e n ,  1977). 

N o  i n f o r m a t i o n  m s  found perta,nirq to the r a t e  of o x A a t i o n  

of d ibromochloromethane  i n  e i t h e r  t he  aquatic or a t m c s p h e r i c  

env i ronmen t s .  Dibrcmochlorane t h a n e  is p r o b a b l y  l i k e  o t h e r  halo- 

gena ted  a l i p h a t i c s  i n  t h a t  i t  is  n o t  e a s i l y  o x i d i z e d  i n  aquatic 

systems b e c a u s e  t h e r e  a re  no f u n c t i o n a l  groups which react 

s t r o n g l y  w i t h  H O  r a d i c a l .  A m a x i m u m  h y d r o l y t i c  h a l f - l i f e  of 274 

y e a r s  h a s  been  reported f o r  d i b r a n o c h l o r c m e t h a n e  a t  pH 7 and 2 S ° C  

(CIabey and H i l l ,  1978). 

The v a p o r  pressure of dibranochlorane thane ,  w h i l e  lower t h a n  

t h a t  for c h l o r o f o n n  and o t h e r  c h l o r o a l h n e s ,  i s ,  n o n e t h e l e s s ,  

s u f f i c i e n t  to  e n s u r e  t h a t  v o l a t i l i z a t i o n  will be a n  i m p o r t a n t  

means o f  e n v i r o n m e n t a l  t r a n s p r t .  The c o n c e n t r a t i o n  of dibromo- 

c h l o r m e t h a n e  p r e s e n t  i n  water s u p p l i e s  h a s  b e e n  reported to  

?is p r o d u c t i o n  r a n g e  i n f o r m a t i o n  does no't i n c l u d e  any  produc- 
t i o n / i m p o r t a t i o n  data claimed a s  c o n f i d e n t i a l  by t h e  p e r s o n (  s) 
r e p o r t i n g  f o r  t h e  TSCA I n v e n t o r y ,  n o r  does i t  i n c l u d e  a n y  
i n f o r m a t i o n  which would canprcmise C o n f i d e n t i a l  Bus iness .  
I n f o r m a t i o n .  The data submitted for t h e  TSCA I n v e n t o r - - ,  
i n c l u d i n g  p r o d u c t i o n  range i n f o r m a t i o n ,  a re  subject to t h e  
l i m i t a t i o n s  c o n t a i n e d  i n  t h e  I n v e n t o r y  R e p r t i n q  R e g u l a t i o n s  
( 4 0  C F R  7 1 0 ) .  
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d e c r e a s e  a s  a result  o f  v o l a t i l i z a t i o n  w h i l e  f l c w i n g  th rough  open  

c h a n n e l s  (Rook, 1 9 7 4 ) .  

B .  B ioaccumula t ion  

The l o g  of  t h e  o c t a n o l / w a t e r  p a r t i t i o n  c o e f f i c i e n t  ( l o g  P )  

a s  c a l c u l a t e d  by t h e  method of  a a n s c h  is 2.09 ( T u t e ,  1971)  i n d i -  

c a t i n g  t h a t  d i b r a n o c h l o r m e  t h a n e  is  somewhat l i p o p h i l i c .  As a 

r e s u l t ,  d i b r o m c h l o r o m e t h a n e  may e x h i b i t  a t e n d e n c y  t o  b ioac -  

c u m u l a t e  i n  o rgan i sms .  N o  e x p e r i m e n t a l  d a t a  were found to  

c o n f i n n  t h i s .  

C. Envi ronmenta l  O c c u r r e n c e  

Dibromochloromethane h a s  been d e t e c t e d  i n  f i n i s h e d  d r i n k i n g  

water ( K l e o p e r  and Fa i r l e s s ,  1’972; U.S. EPA, 1 9 7 5 ) ,  i n  d r i n k i n g  

water s u p p l i e s  (U.S. EPA, 19751, and i n  wastewter e f f l u e n t s  

(Glaze and Henderson, 1 9 7 5 ) .  D ib ronoch lo rane  t h a n e  is hypothe- 

s i z e d  t o  be p r e s e n t  i n  water s u p 2 l i e s  a s  a r e s u l t  of the h a i o f o r m  

reac t ion  which takes p l a c e  d u r i n g  t h e  c h l o r i n a t i o n  o f  s u c h  water  

’ (Rook, 1974; U.S. EPA, 1975; Glaze  and Henderson 1 9 7 5 ) .  

111. HEALTH EFFECTS 

A. Carcinogen i c i  t y  

D i b r a n o c h l o r a n e t h a n e  i s  c u r r e n t l y  unde r  tes t  f o r  

c a r c i n o g e n i d  ty by t h e  Na t iona l  Cancer  I n s t i t u t e .  N o  r e s u l t s  a r e  

ava  il able. 

B. M u t a g e n i c i t y  

D i b r a n o c h l o r a n e  t h a n e  was found m u t a g e n i c  i n  S a l m o n e l l a  

typhimurium TAlOO i n  t h e  a b s e n c e  of  metabolic a c t i v a t i o n  ( S i m m n ,  
0 



C. O t h e r  T o x i c i t y  

A long-term t e s t  conducted by a d m i n i s t r a t i o n  of  h igh  d o s e s  

of t h e  chemical by gavage i n  mice showed a dose-dependent 

d e c r e a s e  i n  t h e  a c t i v i t y  of l i v e r  and s s l e e n  phagocy tes  (Xunson 

e t  a l . ,  1978) .  -- 
The oral LDfO of d i b r a n o c h l o r a u e t h a n e  i n  mice is 800 mg/kg . 

and 1200  mg/kg for males and f e m a l e s  r e s p e c t i v e l y .  S e d a t i o n  and 

a n e s t h e s i a  o c c u r r e d  w i t h i n  30  m i n u t e s  of a d m i n i s t r a t i o n  of t h e  

I canpound and lasted 4 ' h o u r s .  N e c r o p s i e s  were performed o n  a n i -  

m a l s  t h a t  d i e d .  Hemorrhaging was o b s e m e d  i n  t h e  a d r e n a l s ,  t h e  

k idneys  were p a l e ,  and t h e  l i v e r  a p p a r e d  t o  have f a t t y  i n f i l t r a -  

t i o n  (Bowman, 1978) . 

IV.. AQUATIC EFFECTS 

No i n f o r m a t i o n  w a s  found.  

V. EXISTING GUIDELINES 

The M a x i m u m  Contaminant  Level  ( H C L )  f o r  t o t a l  t r i h a l o m e t h -  

a n e s  ( i n c l u d i n g  d ibromochloromethane)  i n  d r i n k i n g  wter  h a s  been  

Se t  by t h e  U.S. EPA a t  0.10 n g / l  ( 4 4  F R  68624) .  The concen t r a -  

t i o n  of d i b r o m c h l o r o r a e t h a n e  produced by c h l o r i n a t i o n  c a n  b e  

reduced  by t r e a t m e n t  of d r i n k i n g  water w i t h  powdered a c t i v a t e d  

c a r b o n  (Rook, 1974) .  This is t h e  t e c h n o l o g y  t h a t  h a s  been pro- 

posed by t h e  EPA t o  meet t h i s  s t a n d a r d .  

... . - -. . 
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. DISCLAIMER 

T h i s  r e p o r t  r e p r e s e n t s  a s u r v e y  o f  t h e  p o t e n t i a l  h e a l t h  
and  e n v i r o n m e n t a l  hazards  from e x p o s u r e  t o  t h e  s u b j e c t  chemi- 
ca l .  The i n f o m a t i o n  c o n t a i n e d  i n  t h e  report  is drawn c h i e f l y  
f rom s e c o n d a r y  s o u r c e s  and a v a i l a b l e  r e f e r e n c e  documents .  
Because  of t h e  l i m i t a t i o n s  of s u c h  s o u r c e s ,  t h i s  s h o r t  p r o f i l e  
may n o t  r e f l e c t  a l l  ava i lab le  i n f o r m a t i o n  i n c l u d i n g  a l l  t h e  
a d v e r s e  h e a l t h  and e n v i r o n m e n t a l  i m p a c t s  p r e s e n t e d  by t h e  
s u b j e c t  c h e m i c a l .  T h i s  document  h a s  undergone  s c r u t i n y  t o  
e n s u r e  i t s  t e c h n i c a l  a c c i l r a c y  . 



DI-n-BUTXL PHTHALATE 

summary 

Teratogenic effects in rats have been reported in testing of di- 

n-butyl phthalate folloVing i.p. administration, but not after o r a l  

administration at high doses (0.600 g/kg/day). Other reproductive 

effects in rats following 1.p. administration include impaired implantation 

and parturition. Rats fed di-n-butyl phthalate or its monoester metabolite 

have developed testicular damage and atrophy. 

Mutagenic or carcinogenic effects of di-n-butyl phthalate have 

not been reported. - 
One clinical study has indicated that workers exposed primarily, 

but not e.xclusively, to df-n-butyl phthalate showed a higher incidence 
- 

of toxic polyneuritis. 

The o n l y  toxicity data available f o r  review demonstrate that di- 

n-butyl phthalate is acutely toxic to freshwater organisms at concentrations 

as low as 730 yg/l. 

. ,  . , . . . . .  
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% 

m- 



DI-n-BUTYL PHTHALATE 

I. . INTRODUCTION 

This  p r o f i l e  is based on the  Ambient Water Q u a l i t y  Criteria Document 

f o r  Phthalate Esters (U.S. EPA, 1979a). 

Di-n-Butyl ph tha la t e  (DBP) is a d ies te r  o f  t h e  o r tho  form of  

benzene d i ca rboxy l i c  acid. The compound has a molecular weight of 278.34, 

specific g r a v i t y  of 1.0465, bo i l i ng  po in t  of 340OC and a s o l u b i l i t y  o f  

0.45 gms p e r  100 m l  o f  water a t  25OC (U.S. EPA, 1979a). 

DBP is used as a plasticizer i n  polyvinyl  acetate emulsions and 

as an i n s e c t  r e p e l l e n t .  

Current Production: 8 . 3  x 103 tons/year  i n  1977 (U.S. EPA, '1979a). 

Ph tha la t e s  have been de tec t ed  i n  s o i l ,  a i r ,  and water samples, i n  - 
animal and human t i s s u e s ,  and i n  c e r t a i n  vegetat ion.  Evidence from in . 

- v:.tro s t u d i e s  i n d i c a t e s  tha t  c e r t a i n  b a c c e r i a l  f l o r a  may be capable or' 

metabolizing DBP t o  the  nonoestzr form (Engelhardt ,  e t  a l .  1975). For 

a d d i t i o n a l  information regarding t h e  ph tha la t e  esters i n  gene ra l ,  t h e  

reader is referred to  the ETAIECAO Hazard P r o f i l e  on Phthalate  Zsters 

. 

11. EXPOSURE 

Ththalate  e s t e r s  appear i n  a l l  a r e a s  of the  environment. En,/iron;nenta: 

r e l e a s e  of ph tha la tes  may occur through l each ing  o f  t h e  compound from 

p l a s t i c s ,  v o l a t i l i z a t i o n  of  ph tha la t e  from p l a s t i c s ,  or t h e . i n c i n e r a t i o n  

of plast ic  i tems. 

contaminated foods and f i s h ,  dermal a p p l i c a t i o n ,  ,and pa ren te ra l  a d m i n i s t r a t i o n  

by u s e  of  p las t ic  biood bags, tubings,  and in fus ion  devices  (mainly 

DEHP release). 

from packaginq. m a t e r i a l s  . t o_  .food. and beverages are: temperature,  su r f ace  

Sources of human exposure t o  ph tha la t e s  i nc lude  

Relevant f a c t o r s  i n  the migrat ion of p h t h a l a t e  est&s 

- . . . - I  - - _ >  ._ .__ ..___ 

- - -  . - .  . . . - .  

a rea  c o n t a c t ,  l i p o i d a l  na tu re  of the food and l eng th  of  con tac t  (U.S. 

EPA, 1979a). 
-- -__ -_ 
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Monitoring stud-2s have Fndicated that most water p..thalate concen- 

t r a t i o n s  are i n  the  ppm range, or 1-2 pg/ l l ter  (U.S. EPA, 1979a). I n d u s t r i a l  

air monitoring s t u d i e s  have measured a i r  levels of phthalates from 1.7  

t o  66 ~ g / m 3  (Mlkov,  e t  d.. 1973). Levels of  DBP i n  foods have ranged 

from not detectable t o  60 ppm (Tomita, e t  al. 1977). 

f i s h  and she l l f i sh  present p o t e n t i a l  sources  of high phthalate  intake, 

Cheese, milk, 

(U.S. .=A, 1979a). The U.S. EPA (1979a) has estimated the weighted 

average b ioconcenta t lon  f a c t o r  f o r  DBP t o  be 26 f o r  t he  ed ib le  port ions 

of f i s h  and s h e l l f i s h  consumed by Americans. This estimate was based 

on the o c t a n o l h a t e r  p a r t i t i o n  c o e f f i c i e n t .  

111. PSARMACOKINETICS 

A. Absorption - 
A human s tudy in which s u b j e c t s  ate food containing DBP 

leached from plas t ic  contaFners shows s igniPicant ly  higher l e v e l s  of 

DEP found in the blood (Tomita, e t  a l .  1977). 

B. Dis t r ibu t ion  . 
Per t inent  data could not be located i n  the  a v a i l a b l e  l i terature.  

C. Metabolism 

Monobutyl p h t h a l a t e  has  been i d e n t i f i e d  as a ur inary metabolite 

in r a b b i t s  a-stered DBP (Ariyoshi,  e t  al. 1976). This metabol i te  

has also been detected Ln t he  u r i n e  of rats, hamsters, and g u h e a  p i g s ,  

as well aa o t h e r  metabol i tes  w i t h  side chain oxidat ion,  and phtha l ic  

acid (Taaaka ,  e t  al. 19781. . 
D. Excretion 

Per t inent  d a t a  could not be loca ted  l a  the available l i t e r a t u r e .  

2 

. .  . 6 
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IV. EFFECTS 

A. Carcinogenicity 

Pertinent data could not be located in the available literature. 

B. Mutagenicity 

Mutagenic effects of DBP were not observed in the Ames 

Salmonella assay (Rubin, et al. 1979) or in a yeast (Saccharomyces) 

assay system (Shahin and VonBorstel, 1977). 

C. Teratogenicity 

Teratogenic effects were not produced by DBP, (0.600 g/kg/day), 

following oral adainistration to pregnant rats (Nikonorow, et al. 1973) 

..&&,re Singh, et ai. (1972) reported teratogenic effects of DBP following 

i.p. injection o f  pregnant rats. 

. -L -. . 
- 

D. Other Reproductive Effects 

Intraperitoneal injection of DBP to pregnant rats stowed 

that adverse effects prior to gestation day six were primarily on kplanta- 

tion, while after this day the effect was primarily on parturition 

(Peters and Cook 1973). 

Testicular damage has been reported in rats fed DBP or its monoester 

metabolite (Carter, et al. 19771.~ 

E. Chronic Toxicity 

An increase in toxic polyneuritis has been reported by 

Milkov, et al. (1973) in workers exposed primarily to dibutyl phthalate. 

Lesser levels of exposure to dioctyl, diisooctyl, and benzylbutyl phthalates, 

and to tricresyl phosphate were also noted in these workers. 



A. Acute Toxici ty  . ;  

Acute t o x i c i t y  for di-n-butyl phthalate  ranged from -a 96- 

'hour s t a t i c  LC50 of 730 ,ug/l f o r .  the b l u e g i l l  sun f i sh  (Lepomis macrochirus) 

t3 6,U7Cpug/l f o r  t h e  rainbow t r o u t  (Salmo q a i r d n e r i )  (Mayer and Sanders,  

1973). The freshwater scud (Gammarus pseudolimnaeus) was shown t o  

provide a'48-hour static LC50 value o f  2,100 u g / l  dl-n-butyl p h t h a l a t e .  

Marine data were not  available for review. 

8.  Chronic 

Pe r t inen t  data cou ld 'no t  be located in the  a v a i l a b l e  l i t e r a t u r e  

C. P l a n t s  

P e r t l n e n t  data could not  be located in the a v a i l a b l e  l i terature.  

D. Residues - 
.- aioconcentrat ion f a c t o r s  ranging from q00 t o  11100 have been obtzi.?ec - 

for t h e  aquatic i n v e r t e b r a t e s  Daphnia mama and Canmarus pseudolimnaeus. 

V I .  EXISTING GUIDELINES AND STANDARDS 

Nei ther  t h e  human h e a l t h  nor aqua t i c  c r i te r ia  derived by U.S. EPA (1979a1, 

which are summarized below, have gone through t h e  process o f  review: t h e r e f o r e ,  

t he re  is a p o s s i b i l i t y  t h a t  these cr i ter ia  may be changed. 

A. , Human 

Based on "no e f f a c t "  l e v e l s  observed i n  chronic feeding s t u d i e s  

i n  rats or dogs, the U.S. EPA (1979a) has  ca l cu la t ed  an acceptable  d a i l y  

intake (AD11 l e v e l  of 12.6 &day. 

T'ne recommended water q u a l i t y  c r i t e r i o n  l e v e l  for pro tec t ion  

of human hea l th  is 5 -/liter f o r  DBP (U.S. EPA, 1979a). 

B. Aquatic 

The data base for t o x i c  s f f e c t s  i n  both freshwater and marirlle 

environments was i n s u f f i c i e n t  f o r  the drafting of  a water q u a l i t y  c r i t e r i o n  

t o  p ro tec t  aqua t i c  organisms. 

. .  
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DISCLAIMER 

T h i s  r e p o r t  r e p r e s e n t s  a su rvey  of t h e  p o t e n t i a l  h e a l t h  
and envi ronmenta l  haza rds  from exposure t o  t h e  subject  chemi- 
c a l .  The in fo rma t ion  con ta ined  i n  the r e p o r t  is drawn c h i e f l y  
'from secondary  sources  and a v a i l a b l e  r e fe rence  documents. 
Because of t h e  l i m i t a t i o n s  of such  sources, t h i s  sho r t  p r o f i l e  
may n o t  r e f l e c t  a l l  a v a i l a b l e  i n f o m a t i o n  i n c l u d i n g  all t h e  
adverse health and environmental  impacts ? re sen ted  by t h e  
s u b j e c t  chemical. T h i s  document has undergone s c r u t i n y  t o  
ensu re  i ts  t e c h n i c a l  accuracy.  



SPECIAL NOTATION 

U.S .  EPA's Carcinogen Assessment Group (CAG) has evaluated 

dibenzo(a,h)anthracene and has found sufficient evidence to 

indicate that this compound is carcinogenic. 



DIBENZO(a,hlANTHRACENE 
a 

Summary 

Dibenzo(a,h)anthracene (DBA) is a member of the polycyclic 

aromatic hydrocarbon (PAH) class. DBA was the first pure cheni- 

cal shown to produce tumors in animals. It is carcinogenic by 

skin application, by injection, and by oral administration to 

-. rodents. Since humans are not exposed to only DBA in the environ- 

ment, it is not possible to attribute huraan cancers solely to 

exposure to DBA. Furthermore, it is not known how DBA may inter- 

act with other carcinogenic and non-carcinogenic PAH in human 

systems. 

, 

. 
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DIBENZO(a,h)ANTHRACENE 

I. INTRODUCTION 

This profile is based primarily on the Ambient Water Quality 

Criteria Document for Polynuclear Aromatic Hydrocarbons (U.S. EPA, 

1979a) and the Multimedia Health Assessment Document for Polycyclic 

Organic' Matter (U.S. EPA. 1979b). ' 

Dibenzo(a,h)anthracene (DBA; C,,H,,) is one of the family of 

polycyclic aromatic hydrocarbons (PAH) formed.as a result of incom- 

plete combustion of organic material. Other than a reported 

melting point of 266-266.5OC (U.S. EPA. 1979b), its physical and 

chemical properties have not been well-characterized. 

-7 

PAH, including DBA are ubiquitous in the environment, being 

found in ambient air, food, water, soils and sediment (U.S. €PA. 

1979b). The OAH class contains a nurcber of potent czrcinogens 

(e.g., benzo(a)pyrene), moderately active carcinogens (e.g., 

benzo(b1 fluoranthene) , weak carcinogens (benz (a) anthracene) , and 

cocarcinogons (e.g., fluoranthene), as well as numerous non-carcin- 

ogens ( U . S .  EPA. 1979b). 

PAH which contain more than three rings (such as DBA) are re- 

latively stable in the environment, and may be transported in air 

and water by adsorption to particulate matter. However,, biodegrad- 

ation and chemical treatment are effective in eliminating most PAH 

in the environment. 

11. EXPOSURE I 

. 
A. Water 

Levels of DBA in water have not been reported. However, 

the concentration 'of six representative PAH (benzo(a)pyrene, fluor- 
. .  .~ . - -  - -._ . - .. - ,__ . - - - - - . , . - 
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anthene, benzo(j1 fluoranthene, benzo(k).fluoranthene, Senzo(ghi) - 
perylene, indeno(l,2,3-cd-pyrene) in United States drinking water 

averaged 13.5 nanograms/liter (Basu and Sacena, 1977, 1378) . 
B. Food 

Based on limited monitoring studies, DBA has been de- 

tected in various foods, such as, butter and smoked fish. Al- 

though, it is not possible to estimate the human dietary intake 

of DBA, it has been concluded ( U . S .  EPA. 1979b) that the daily 

dietary intake of all types of PAE is about 1.6 to 16 pg per 

day. The U . S .  EPA (1979a) has estimated the weighted average 

bioconcentration factor of DBA to be 24,000 for the edible por- 

tions of fish and shellfish consumed by Americans. This estimate 

is. based on the octanol/water partition coefficient for DBA. 

C. Inhalation 

Levels of DBA have not been monitored in ambient air. 

However, it has been estimated that the average total PA8 level in 

ambient air is about 10.9 nanograms/m3 (U.S. EPA, 1979a). Thus the 

total daily intake of PAE by inhalation of ambient air may be about 

207 nanograms, assuming that a human breathes 19 m3 of air per day. 

111. PHARMACOKINETICS 

There are no data. available concerning the pharmacokinetics of 

DBA, OK other PAEi, in humans. Nevertheless, it is possible to make 

limited assumptions based on the results of animal research con- 

- 
., 

ducted with several PAH, particularly benzo(a)pyrene. 

A. Absorption 

The absorption of. DBA in humans or other animals has*not 

been thoroughly studied. However, it is known (U.S. EPA, 1979a) 
. .  

that, as a class, PAH are well-absorbed across the respiratory and 

I 
, e  . . .  



gastrointestinal epithelia. The hign lipid soluDility of compounds 

in the PAH class supports this observation. 

B. Distribution 

Only limited worK on distribution of DBA in mammals 

has Seen performed (Heidelberger and Weiss, 1959). However , 
it is known (U.S. EPA, 1375)a) that other PAH become locaiized 

in a wide variety of body tissues following their aosorption 

in experimental rodents. Relative to other tissues, PAH tend 

to localize in body fat and fatty tissues ( e . g . ,  breast). 
4 

C. Metabolism 

The-mammalian metabolism of DBA has been well-character- 

ized (Sims, i976). DBA, like other PAB, -is metaDolizea by the 

microsomal mixed function oxidase enzyme syscem in mammals (U .S .  

EPA. 1979b). Metabolic attack on one or more of the aromatic 

I 

:ir,ss leads to ths formation of phenols, and issmeric cinydro- 

diols by the internediate fornation of .reactive epoxides. Dihydro- 

diols are further metabolized by microsomal mixed function oxi- i 
dases to yield diol epoxides, compounds which are known to be 

ultimate carcinogens for certain PAH. Removal of activated inter- 

mediates Sy conjugation with glutathione or Slzcuronic a c i d ,  

or ~y further metabolism to tetrahydrotetrols, is a key stzp 

in protecting the organism from toxic interaction with cell macro- 

molecules. 

D. Excretion 

There is no direct information available concerning the 

excretion of PAH in man. Ths excretion of DBA however, by mice was I 
stuaied by Heidelberger and Weiss (195~). The excretion of DBA was 

. -  - -  ~ - -  . -  - ._. 
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rapid and occurred mainly via the feces. Elimination in the bile 

accounts for a significant percentage of all administered-PAH ( U . S .  

EPA, 1979a). It is unlikely that PAH will accumulate in the body 

with chronic low-level exposures. 

IV. EFFECTS 

A. Carcinogenicity 

DBA was the first pure chemical ever shown to produce 

tumors in animals. DBA has considerable carcinogenic potency 

when applied to the skin of mice (Iball, 19.39; U.S. EPA. 1979b), 

injected subcutaneously in mice ( U . S .  EPA. 1979b), injected 

into newborn mice (Beuning, et al. _ _  1979), injected into Strain 

A mice (Shimkin and Stoner, 1975) or administered orally to mice 

(Snell and Stewart, 1962). 

B. Mutagenicity 

DBA is a mutasenic in the Aines SaLnonella assay (Andrews, 

et al. 1978; Wood, et al. 1978) in cultxed hmstsr cells (Eujeraan 

and Sacks, 19741, and is positive in the -- in vivo sister-chromatid 

exchange assay in Chinese hamsters (Roszinsky-Kocher, et al. 

1979). 

C. Teratogenicity 

There are no data available concerning the possible tera- 

togenicity of DBA in man. Other related PAH apparently are not 

significantly teratogenic in m a m m a l s  (U.S. EPA, 1979a) . 
0. Other Reprodutive Effects 

Pertinent information could not be located in the avail- 

able literature. b 

63-f .. ..  . 
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E. Chronic Toxicity 

As long ago as 1937, investigators knew that carcinogenic 

PAH, including DBA, could inhibit growth in rats and mice (Haddow, 

et al. 1937). In early studies, DBA was administered to mice in 

weekly subcutaneous injections for 40 weeks, which produced in- 

creased reticulum (stem) cells, dilation of lymph sinuses, and de- 

creased spleen weights in comparison to controls (Hoch-Ligeti, 

1941). -. 

A more detailed study of subchrohic effects of DBA on 

lymph nodes of male rats was reported in 1944 (Lasnitzki and Wood- 

house, 1944). Subcutaneous injections given five times weekly for 

several weeks caused normal lymph nodes to undergo hemolymphatic 
_. 

changes. 

v. AQUATIC TOXICITY 

Pertinent information coald not be lccated in t h s  availabie 

literature. 

VI. EXISTING GUIDELINES AND STANDARDS 

Neither the human health nor aquatic criteria derived by 

U.S. EPA (1979a1, which are summarized below, have yet gone 

through the process of public review: therefore, there is a possi- 

bility that these criteria may be changed. . 

I A .  Human 

There are no established exposure criteria for DBA. How- 

ever, PAH as a class are regulated by several. authorities. The 

world Health Organization recommends that the concentration of PAH 

in drinking water (measured as the total of fluoranthene, benzo- 



den0 (1,2,3-cd) pyrene, and benzo (a) pyrene) not exceed 0.2 pg/l. 

Occupational exposure criteria have been established for coke 

oven. emissions, coal tar products, and coal tar pitch volatiles, 

all of which contain large amounts of PAH including DBA ( U . S .  

EPA, 1979a). 

The U.S. EPA (1979a) draft recommended criteria for 

PAHinwater are baseduponthe extrapolationof animalcarcinogenicity 

data for benzo(a)pyrene and DBA. Levels for each compound are de- 

rived which will result in specified risk levels of human cancer as 

shown in the table below. 

-, 

Exposure Assumptions . - - -. . - . - 

(per day) 

2 liters of drinking water 
and consumption of 18.7 
grams fish and shellfish 

Consumption of fish and 
shellfish only 

0 - 

Risk Levels and Corresponding Criteria 

ng/l 

- '  

0 

DBA - 
2 liters of drinking water 0 
and consumption of 18.7 
grams fish and shellfish 

0.097 

0 . 4 4  

0.43 

0.97 

4 . 4 5  

4.3 

9.7 

4 4 . 4 6  

43 

Consumption of fish and 1.96 19.6 19 6 
shellfish only. 

B. Aquatic 

The criterion for freshwater and marine life have not 

been derived ( U . S .  EPA, 1979a). 

d 
. .  

I .  
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SUMMARY 

1,2-Dichlorobenzene is a lipophilic compound which 

upon absorption into the body, deposits in the fatty tissues. 

This rompound is detoxified by the liver microsomal enzymes. 

On chronic exposure to 0.1 mg 1,2-dichlorobenzene/kg, rats 

developed anemia, liver damage, and central nervous system 

depression. 
-. 

There have not been studies available to deter- 

mine the carcinogenic or teratogenic potential of 1,2-di- 

chlorobenzene. 

with the mold Aspergillis nidulans and negative when tested 

with the bacteria Salmonella typhimurium in the Ames assay. 

1,2-Dichlorobenzene was mutagenic when tested 

. - 
The toxicity of 1,2-dichlorobenzene appears to be simi- 

lar for freshwater and marine organisms with reported LCjo 

values ranging between 1,970 anti 27,000 pg/l. 

. 



1,2-DICHLOROBENZEXE 

I. INTRODUCTION 

. This profile is based on the Ambient Water Quality 

Criteria Document for Dichlorobenzenes (U.S. EPA, 1979a). 

1,2-Dichlorobenzene (1,2-DCB or ODCB; CgHqC12; mqlecular 

weight 147.01) is a liquid at normal environmental tempera- 

tures. 1,2-Dichlorobenzene has a melting point of -17.6'C, 

a boiling point of 179OC, a density of 1.30 g/ml at 2OoC, 

a water solubility of 145,000 pg/l at 2S°C,' and a vapor 

pressure of 1 mm Hg at 2OoC (Weast, 1975). The major uses 

of 1,2-dichlorobenzene are as a process solvent in the manu- 

facturing of toluene diisocyanate and as an intermediate 

in the synthesis of dyestuffs, herbicides, and degreasers 

(West and Ware, 1977). 

11. EXPOSURE 

A. Water 

1,2-Dichlorobenzene has been detected in rivers, 

groundwater, municipal and industrial discharges, and drink- 

ing water. 1,2-Dichlorobenzene has Seen reported entering 

water systems at average levels of 2 mg/l as a result of 

its use by industrial wastewater treatment plants for odor 

control (Ware and West, 1977). In 4 out of 110 drinking 

waters, 1,2-dichlorobenzene was detected at an average con- 

centration of 2.5 pg/l (U.S. EPA, 1979a). 

benzene may be formed during chlorination of water contain- 

ing organic precursor material (Glaze, et al. 1976). 

ALSO, 1,2-dichloro- 

* 

, .  . , . . . '  : 
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B .  Food 

There are not enough data to state quantitatively 

the degree of 1,2-dichlorobenzene exposure through total 

diet (U.S. EPA, 1979a). The U . S .  EPA (1979a) bas estimated 

the weighted average bioconcentration factor of lr2-dichloro- 

benzene to be 200 for the edible portion of aquatic organisms 

consumed by Americans. This estimate is based on measured 

steady-state bioconcentration studies in bluegill. -. 
C. Inhalation \ 

1,2-Dichlorobenzene has been detected on airborne 

particulate matter in California at concentrations between 

8 and 53 ng/m2 (Ware and West, 1977). 

available information on the concentration of this compound 

in ambient air (U.S. EPA,  1979a). 

111. PHARMACOKINETICS 

There is no other 

A .  Absorption 

There is little information provided in U.S. EPA 

(1979a) on the absorption, specifically of 1,2-dichloroben- 

zene. General information on the absorption of dichloro- 

benzenes can be found in the iiazard Profile for Dichloro- 

benzenes (U.S. EPA,  1979b). Reidel (1941) has reported 

absorption of 1,2-dichlorobenzene through the skin of rats 

in lethal amounts after five dermal applications under severe 

test conditions 

area of abdominal skin). A l s o ,  1,2-dichlorobenzene fed to 

rats at less than 0.4 to 2 mg/kg/day was absorbed and accu- 

(painting twice daily directly on a 10 cm 2 

- --. - . . -- . _  - -- 
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mulated in various tissues indicating significant absorption 

by the gastrointestinal tract even at low levels of exiosure 

(Jacobs, et al. 1974a,b). 

B. Distribution 

After feeding rats low levels of 1,2-dichloroben- 

zene, in combination with other trace pollutants found in 

the m i n e  River, tissue accumulation was greater in fat 

than in the liver, kidney, heart, and blood (Jacobs, et 

al. 1974a). \ 

C. Metabolism 

The metabolism of 1,2-dichlorobenzene was studied 

by AZOUZ, et al. (1955) in rabbits. 1,2-Dichlorobenzene 

was mainly metabolized by oxidation to 3,4-dichlorophenol 

followed by the formation of conjugates with glucuronic 

and sulfuric acids. Minor oxieative metabolites and their 

can j uga tes wet e also detected . 
D. Excretion 

Excretion of the metabolic products of 1,2-dichloro- 

benzene in the rabbit was mainly through the urine (Azouz, 

et al. 1955). 

IV. EFFECTS 

A. Carcinogenicity 

Specific positive evidence of the carcinogenicity 

of DCa's is lacking. HOwever, a sufficient collection of 

varied data exist to suggest prudent regard of DCB as a 

potential carcinogen (U.S. EPA, 1979a). 

d e- (+ 
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B. Mutagenicity I 

Treatment of the soil mold Aspergillus niduaans 

for one hour in an ether solution of lr2-dichlorobenzene 

increased the frequency of back-mutations (Prasad, 1970). 

In the Ames assay, 1,2-dichloroDenzene did not increase 

the mutational rate of the histidine-requiring strains of 

Salmonella typhimurium (Andersen, et al. 1972). 

C. Teratogenicity 

Studies of the teratogenicity of*~1,2-dichloroben- 

zene could not be located in the available literature. 

D. Other Reproductive Effects 
. __ 

Information is not available. 

E. Chronic Toxicity 

In an inhalation study, Hollingsworth, et al. 

(1958) exposed groups of 20 rats, 8 guinea pigs, 4 rabbits, 

ana 2 monkeys to the vapor of Ir2-dichlorobenzene seven 

hours per day, five days per week for six to seven months 

at an average concentration of 560 mg/m 3 . No adverse effects 

were noted in behavior, growth, organ weights, hematology, 

or upon gross and microscopic examination of tissues. I n  

a nine month chronic toxicity study, Varshavskaya (1967) 

gave rats l12-dichlorobenzene at daily doses of 0.001, 0.01, 

and 0.1 mg/kg. The toxicological observations in the highest 

dose group were anemia and other blood changes, liver damage, 

and central nervous system depression. The highest no-observ- 

able-adverse-effect level for l12-dichlorobenzene by Var- 
. 

_ -  . - -  - - shavskaya (1967) was 0..001 mg/kg/day-, whereas the cornpar-- - - 



able level in the rat study by Hollingsworth, et al. (1958) 

was 18.8 mg/kg/day. 

F. Other Relevant Information 

1,2-Dichlorobenzene can induce microsomal drug 

metabolizing enzymes (Ware and West, 1977) . 
V. AQUATIC TOXICIm 

A. Acute Toxicity 

For freshwater fish, two 96-hour static bioassays 

have produced LCs0 values of 5,590 and 27,000 pg/l for the 

bluegill (Lepomis macrochirus) (t7.S. EPA, 1978; Dawson, 

et al. 1977). A single 96-hour static assay for the fresh- 

water invertebrate 

of 2,440 pg/l .  In 

7,300 pg/l for the 

and 9,660 pg/l for 

Daphnia magna provided an LCs0 value 

marine fish, LCs0 values reported were 

tidewater silverside (Menidia beryllina) 

- 

the sheepshead minnow (Cyprinodon variega- 

tus) ( G . S .  EPA, 1978). An adjusted LCso value of 1,970 

pg/l  was obtained for the marine.invertsbrate (Mysidopsis 

bahia) . 

- 

B. Chronic 

The only freshwater. organisms tested were embryo- 

larval stages of the fathead minnow (Pimephales promelas), 

which produced a chronic value of 1,000 pg/l for 1,2-dichloro- 

benzene. 

able for evaluation. 

No chronic data for marine organisms were avail- 

C. Plants 

The freshwater algae Selenastrum capricornutum 
. 

has been tested for the effects of 1,2-dichlorobenzene on 

. .  
. .  
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chlorophyll - a and cell numbers. The ECS0 values were 91,600 

and 98,000 pg/l, respectively, while comparable values of 

44,200 to 44,100 pg/1 were reported for the marine algae 

Skeletonema costatum ( U . S .  EPA, 1978). - 
D. Residues 

A bioconcentration of 89 was obtained 'for the 

blcteg i 11. 

VI. EXISTING GUIDELINES AND STANDARDS 

A. Human 

The Occupational Safety and Health Administration 

(OSHA, 19761, and the American Conference of Governmental 

Industrial Hygienists (ACGIH, 1977) threshold limit value 

is 300 mg/m3 for 1,2-dichlorobenzene. The U.S. EPA (1979a) 

draft water quality criterion for total dichlorobenzene 

(all three isomers) is 160 p g / l .  

B. Aquatic 

Criteria have been drafted for freshwater organisms 

as 4 4  pg/l for the 24-hour average concentration, not to 

exceed 39 pg/l. 

to exceed 3 4  pg/l (1J.S. EPA, 1979a). 

The marine draft criterion is 15 pg/l not 

, 
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Because  of t h e  l i m i t a t i o n s  of s u c h  s o u r c e s ,  t h i s  sho r t  p r o f i l e  
may n o t  r e f l ec t  a l l  ava i lab le  i n f o r m a t i o n  i n c l u d i n g  a l l  the 
a d v e r s e  h e a l t h  and  e n v i r o n m e n t a l  i m p a c t s  p r e s e n t e d  by t h e  
s u b j e c t  chemical. T h i s  document  h a s  u n d e r g o n e  s c r u t i n y  t o  
e n s u r e  i t s  t e c h n i c a l  a c c u r a c y .  a 

- - - . - -  .- ~ 
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Summary 

1,3-Dichlorobenzene is not used commercially and is produced only as a 

by-product i n  t h e  manufacture of ch lo r ina t ed  benzenes. T h i s  compound is 

metabolized by the  liver mixed funct ion oxidase system. Little is  known o f  

the tox ico log ica l ,  t e r a togen ic ,  o r  carcinogenic  p r o p e r t i e s  of t h i s  compound.. . 

1,3-0ichlorobenzene has been shown t o  be mutagenic t o  the s o i l  moid Asoer- 

- aillus nidulans.  Since 1,Edlchlorobenzene may be a contaminant of  the  

o t h e r  dichlorobenzenes, some of the tox ico log ic  p t o p e r t i e s  ascribed t o  these 

isomers may be due to  the 1,3-isomer. 

For freshwater and marine f i s h  and i n v e r t e b r a t e s ,  acu te  t o x i c i t y  values 

ranged from 2,414 to  4,248 pg/1, but the freshwater i n v e r t e b r a t e ,  Daphnia 

mama, was more resistant t o  1,3-dichlorobentene with an acu te  value of 

23,aco lJg/l. 

. 
. 



1975). 

6. Food 

The da ta  a r e  i n s u f f i c i e n t  t o  s t a t e  q u a n t i t a t i v e l y  t h e  degree of 

1,3-Di- l ,3-dichlorobenzene exposure through t o t a l  d i e t  ( U S .  P A ,  1979a). 

007290 
1,3-DICHLORO@€NZENE 

I. INTRODUCTION 

This  p r o f i l e  is based on t h e  Arnoient Water Q u a l i t y  C r i t e r i a  Oocument 

f o r  Dichlorobenzenes (U.S. €PA, 1979a). 

1,3-Dichlorobentene (1,3-0CB; MDCB; C6H4C12; molecular weight 

147.01) is a l i q u i d  a t  normal e n v i r o m e n t a l  temperatures,  has a melting 

poin t  of -24.2OC, a boi l ing  poin t  of 172%, a densi ty  of 1.29 g/ml a t  

20°C, a water s o l u b i l i t y  of 123,000 pg/ l  a t  25OC, and a vapor pressure 

of  5 rnrn Hg a t  39OC (Weast, 1975). 1,3-Dichlorobenzene may occur a s  a con- 

taminant of 1,2- o r  1 , l -dichlombenzene formulations (U.S. F A ,  1979a). 

11. EXPOSURE 

-. 

A. Water 

1,3-Dichlorobenrene has been detected o r  quant i f ied  i n  groundwater, 

r3w watzr, 'and drinking water. I n  two of  11C drinking water sanpies, 1,3- 

c icnhrcbenzene  was detected a t  an average ccncentrat ion o f  0.1 p g / l  (U.S. 

P A ,  1979a). Also, 1 ,Edichlorobenzene may be fomeo curicg cnlor ina t ion  of 

raw and waste water containing organic  precursor  maceriai  (Glaze, e t  a l .  

chlorobenzene is reported t o  be among severa l  metabol i tes  of gamma-penta- 

chloro-l-cyclohexane found i n  corn and pea seedl ings (Mostafa and Moza, 

1973). The U.S. €PA (1979a) has estimated' t h e  weighted average 

bioconcentration f a c t o r  t o  be 150 f o r  1,3-dichlorobenzene f o r  the edible  

port ions of f i s h  and s h e l l f i s h  consumed by Americans. T h i s  es t imate  i s  
- - -  - -  . _ .  - *  - 

based on measu-red steady- s t a t e  bioconcentration s tudies  i n  blLegil1.- 
0 



C. Inha la t ion  

P e r t i n e n t  data could not  be loca t ed  i n  t h e  a v a i l a b l e  l i t e r a t u r e .  

111. PHARMACOKINETICS 

A. Absorption 

Specific information on t h e  absorpt ion of 1,3-dichlorobenz, *ne was. 

not  found i n  the a v a i l a b l e  l i t e r a t u r e .  General information on the absorp- 

t i o n  of the  dichlorobenzenes can be found i n  t h e  Hazard Profile f o r  Dichlor- 

obenzenes (U.S. €PA, 197%). . 
8.  Dis t r ibu t ion  

Specific information on the  d i s t r i b u t i o n  of  1,3-dichlombenz, one w a s  

r. 

not  found i n  the a v a i l a b l e  l i t e r a t u r e .  Reference may be made t o  t h e  Hazard 

P r o f i l e  f o r  Oichlorobenzene (U.S. €PA, 1979b) and the 1,2-iscmer (U.S. S’A, 

197%). 

C. Metabolism 

The meta2olism of 1,3-dichlorobenzene i n  r a b b i t s  was s t u e i e a  by 

Parke and Williams (1955). 1,3-Dichlox!mzene was nnair.ly m t a k l i z z d  3y 

oxidat ion t o  2,1-dichlorophenol followed by the formation of the glucuro- 

nides  and ethereal s u l f a t e s .  Minor ox ida t ive  metabol i tes  and the i r  conju- 

g a t e s  were also detected. 

0. Excretion 

Excretion of t h e  metabolic products of 1,3-dichlorobenzene i n  the 

rabbi t  is mainly through the u r i n e  with exc re t ion  being e s s e n t i a l l y  complete 

within f i v e  days (Parke and Williams, 19551. 

I V .  EFFECTS , 

A. Carcinogenicity . 
Reports of specific ca rc inogen ic i ty  tests of 1,3-dichlombenzene i n  

animals o r  of p e r t i n e n t  epidemiologic s t u d i e s  i n  humans were not found i n  

the available l i t e r a t u r e  (U.S. P A ,  1979a). 

. . .  . . -. . .. . . 
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8. Mutagenicity 

Treatment of t h e  s o i l  mold Asoe ro i l l u s  nirjulans f o r  one hour i n  an 

ether s o l u t i o n  ai 1,3-dichlorooenzene increased t h e  frequency o f  back muta- 

t i o n s  (Prasad,  1970). 

. .  C. Teratogenici ty  and. Other Reproductive Effects 

Studies of the t e r a t o g e n i c i t y  and o t h e r  . reproduct ive e.ffects of 

1,3-dichlorobenzene were not ' found i n  the a v a i l a b l e  l i t e r a t u r e .  

. -. 0. Chronic Toxicity 
. .  

Specific information on the .  ch ron ic  t o x i 6 i t y  of 1,3-dichlorobenzene 

was not found i n  the a v a i l a b l e  l i t e r a t u r e .  , However, 1,3-dichlorobenzene may 

have been a ccntamlnant cf t h 2  1,2- acd l , ~ - d i c h l ~ i a b e n z e n e s  used i n  toxico- 

I q i c a l  s tud ies .  For f u r t h e r  information on the  gene ra l  t o x i c o l o g i c  proper- 

' t ies  of t he  dichlorobenzenes,  refer t o  the Hazard P r o f i l e  for Dichloroben- 

zenes (2 .S .  E%, l f i Y o 1 .  

'E. Ct3er 9elevrnt Informaticn 

I, 3 4 i c h l o i s b e n z e n e  can lnecce  micr3scmal a e t a b c l i z i n g  en- 

zynes. Changes i n  t h e  levels of microsomal enzymes can 3 f fecz  t h e  metabo- 

lis3 and b i o l o g i c a l  a c t i v i t y  of a wide variety of xencbictics (Ware and 

HesC, 1977). 

V. 2CJATIC TCXICIT'I 

A .  Acute Toxici ty  

For the b lueg i l l  (Leoomis macrochirus) ,  a 96-hour s t a t i c  LS- o f  

5,020 ug/ l  has been obtained. The freshwater i n v e r t e b r a t e ,  Daohnia maana, 

has a much h i a h e r  LC5c of 28,100 pg/? f o r  a 48-hour s t a t i c  a s say .  ,-CT t ne  

slieepshead minnow, an acu te  LCSD of 7,770 Ng/1 has been obtaineo.  A ,value 

. -  ~ . . o f  _ _  2,950. frg/l .has been. -obtained for.. t h e  marine mysid shr imp (Mvsidoosis 

A 

- .  - - - . ..~ 

Sah ia )  (U.S. E?A, 1978). - 
. ,  

- -_I_.- -- - -0-fJ-Q-B-O-H -- . ... ' . . *  , ' Y  , 

65-6 . y ,  . % . a , . ? .  

, . .  

w- 



8 .  Chronic 

Chronic studies wi th  either freshwater o r  marine soecies are not 

available. . 

C. Plant Effects 

The freshwater alga Se lenas tm caoricornutm was tested f c r  tPa 

effects of 1,Fdichlomoenzene on chlorophyll 5 and cell nmoers. The 

EC5., values ranged from 149,000-179,000 pg/1. For the  marine alga Siele- 

- tonema costatum, the EC50 values for c e l l  nunoer and c h l o n h y l l  2 rmGec! 

ftom 49,600-52,800 pg/l (U.S. P A ,  197%). 

0. Residues 

A bioccncentration factor of 66 was obtainerl f o r  the bluegill (IJ.5. 

F A ,  1974a). 

'li. EXISTING GUIDELINES AN0 STANOARDS 

A. Human 

There are no exiscing standards f o r  lt3-dicniorooenzene. The U .S . 
E?A ( i979a) draft  water cuality cri terion fo r  t c t a l  dicnlombenzzne ( 211 

tnreo isomers) i s  160 pg/l. 

8 .  Aquatic 

A criterion for  the protection of fresnwater organisms nas oeen 

crafted as 310 ug/l for  a 24-hour average concentration no t  t o  excsea 7CC 

pg/1. For marine l i f e ,  t h e  cri terion has been prcposed 1s 22 ~'$1 fa r  2 l -  

hour average not t o  exceed 49 pg/l. 

. .. 
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DISCLAIMER 

T h i s  r e p o r t  r e p r e s e n t s  a s u r v e y  of t h e  p o t e n t i a l  h e a l t h  
and e n v i r o n m e n t a l  h a z a r d s  from e x g o s u r e  t o  t h e  s u b j e c t  chemi- 
c a l .  The L a f a r i a a t i o n  c o n t a i n e d  i n  t h e  repo r t  is drawn c n i e f l y  
from s e c o n d a r y  sources ana a v a i l a b l e  r e f e r e n c e  docu i i en t s .  
Because  of t h e  l i m i t a t i o n s  of s u c h  sources, t h i s  s h o r t  p r o f i l e  
may n o t  r e f l e c t  a l l  a v a i i a b l e  i n f o r m a t i o n  i n c l a d i n g  all t h e  
a d v e r s e  h e a l t h  and e n v i r o n m e n t a l  impacts g r e s e n t e d  by t h e  
s u b j e c t  chemical. T h i s  document has  un2er;one s c r u t i n y  t o  
e n s u r e  i t s  t e c h n i c a l  a c c u r a c y .  
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lI4-DICHLOROBENZENE 

SUMMARY 

1 , 4-Dichlorobenzene Fs a l i p o p h i l i c  compound wh ich  , upon 

a b s o r p t i o n  i n t o  t h e  body, d e p o s i t s  i n  t h e  f a t t y  t i s s u e s .  

T h i s  compound is d e t o x i f i e d  by the l i v e r  microsomal enzymes. 

Chron ic  i n t o x  i c a t i o n  p roduces  i n c r e a s e d  l i v e r  and k i d n e y  

w e i g h t s '  and abnormal  l i v e r  p a t h o l o g y .  

t h e  c a r c i n o g e n i c  or t e r a t o g e n i c  p o t e n t i a l  of l I 4 - d i c h l o r ~ b e n -  

zene  c o u l d  n o t  be located in the a v a i l a b l e  l i t e r a t u r e .  

D ich lo robenzene  p r o d u c e s  chromosomal aberrations i n  root t i p s  

and h a s  been shown t o  i n c r e a s e  t h e  m u t a t i o n  ra te  i n  the mold 

S t u d i e s  to  d e t e r m i n e  

1 , 4 -  

A s p e r g i l l u s  n i d u l a n s .  

Acute  v a l u e s  f o r  freshwater and mar ine  o rgan i sms  ranged  

from 1,990 t o  1 1 , 0 0 0  ug/l for 1, : -d ich lorobenzene .  

v e r t e b r a t e s  were most s e n s  i c i v e  x i  f reshwar-er  i c v e r t e h r e t e s  

Yarir .e i n  

. _ .  
. .  
. I  

. 
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I .  INTRODUCTIm 

T h i s  p r o f i l e  is based  on =he Ambient  Water Q u a l i t y  C r i -  

t e r i a  Document f o r  D i c h l o r o b e n z e n e  ( U . S .  EPA,  1 9 7 9 a ) .  

l f 4 - D i c h l o r o b e n z e n e  ( C 6 E 4 C 1 2 ;  m o l e c u l a r  w e i g h t  1 4 7 . 0 1 )  

is a s o l i d  a t  normal  e n v i r o n m e n t a l  t e m p e r a t u r e s .  l f 4 - D i -  

c h l o r o b e n z e n e  h a s  a m e l t i n g  p o i n t  of 53.0°C,  a b o i l i n g  p o i n t  

o f  174OC, a d e n s i t y  o f  1 .25  g/ml a t  2 O o C ,  a water s o l u b i l i t y  

- o f  8 0 , 0 0 0  K g / l  a t  2SoC, and a , v a p o r  p r e s s u r e  of 0.4 mm Hg a t  

25OC (Weast, e t  a l .  1 9 7 5 ) .  The p r i m a r y  use o f  1 , 4 - d i c h l o r o -  

benzene  is as a n  a i r  d e o d o r a n t  and i n s e c t i c i d e .  T h i s  COP 

pound is p roduced  almost e n t i r e l y  as  a b y p r o d u c t  d u r i n g  t h e  

m a n u f a c t u r e  of monoch lo robenzene  (Kare and  X e s t ,  1 9 7 7 ) .  

Far a nore s e n e r a l  d i s c u s s i a n  o f  Z i z h l o r o b e n z e r e ,  t h e  
- * .  r e a d e r  is r e f t r r e d  ;o =he ;iazare 3rc;:Ae f o r  i 7 i z h l e r s b e z z f n ?  

(E.S. ? ? A ,  i 3 7 9 b ) .  

11. EX3'3S U!?E 

A.  tqater 
. _ ,  - 1 , d - D i c h l o r o b e n z e n e  has been  d e t e c c e d  o r  quan t : z ; e i  

i.: r l s r e r s  I ~ r o c n d : ~ a t e r ,  m u n i c i ? e l  i n d u s t r i z l  2isckzr:%; 

and d r i n k i n g  water .  1 , 4 - D i c h l o r o b e n z e n e  e n t e r s  was tewater  

s y s t e m s  b e c a u s e  of i ts  use i n  t o i l e t  b l o c k s  (Ware and West, 

1 9 7 7 ) .  1 ,A-Dich lo robenzene  may a l s o  be formed d u r i n g  c h l o r i -  

n a t i o n  of raw and waste water c o n t a i n i n g  o r g a n i c  p e r c u r s o r  

mater ia l  ( G l a z e ,  e t  a l .  1 9 7 6 ) .  I n  20 o f  1 1 3  d r i n k i n g  water  

s a m p l e s ,  1 , l - d i c h l o r o b e n z e n e  was d e t e c t e d  a t  a n  a v e r a g e  coh- 

- ~ . _  c e n t r a t i o n  of 0..14 vg/l  (L7.S.. EPA-, 19-79a-l ... ~ . .  - 



9. Food 

T h e r e  are n o t  enough d a t a  a v a i l a b l e  to  q u a n t i t a -  

t i v e l y  s t a t e  t h e  d e g r e e  of 1,4-d i c h l o r o b e n z e n e  e x p o s u r e  

t h r o u g h  t o t a l  d i e t  (U.S. EPA, 1 9 7 9 a ) .  Schmid t  ( 1 9 7 1 )  r e p o r t -  

ed t h e  t a i n t i n g  of pork as a r e s u l t  of t h e  u s e  of dn odor 

c o n t r o l  a g e n t  c o n t a i n i n g  1 , 4 - d i c h l o r o b e n z e n e  in p i g  s ta l l s .  

Also, Morita, et al. ( 1 9 7 5 )  r e p o r t e d  0 .05  mg/kg 1 , 4 - d i c h l o r o -  

benzene  i n  f i s h  f rom J a p a n e s e  coas ta l  waters. The U.S EPA 

( 1 9 7 9 a )  has estimated t h e  w e i g h t e d  b f o c o n c e n t r a t i o n  factor  of 

1 , 4 - d i c h l o r o b e n z e n e  t o  be 140 f o r  the ed ib le  p o r t i o n  of f i s h  

and s h e l l f i s h  consumed by Amer icans .  T h i s  es t imate  is based  

on  measured  s t e a d y - s t a t e  b i o c o n c e n t r a t i o n '  studies i n  b lue -  

g i l l s .  

-. 

? 

i n  t h e  v a p o r  p h a s e ,  i n  and a round  Tokyo, by use of a coid 

s o l v e n t  t r a p .  Urban leve ls  were found t o  r a n g e  from 2 . 7  t o  

4 . 2  z5/m3, w h i l e  s u b u r b a n  l e v e l s  were lower, r e n q i n g  from 

1 . 5  t o  2 . 4  ~ q / r n ~ ;  i n d o o r  l e v e l s  were c a n s F Z t r a S l y  h i g k r ,  

r a n g i n g  0.105 t o  1 . 7  m q / m j .  N O  other  i n f o r m a t i o n  was fcund 

r e g a r d i n g  t h e  c o n c e n t r a t i o n  of t h i s  compound i n  a m b i e n t  a i r  

(U.S. EPA, 1 9 7 9 a ) .  

111. PHARMAKINETICS 

A. A b s o r p t i o n  

I n  humans , t o x i c  e f f e c t s  f o l l o w i n g  a c c i d e n t a l l y  or 
, 

d e l i b e r a t e l y  i n g e s t e d  1 , 4 4  i c h l o r o b e n z e n e  c l e a r l y  i n d i c a t e  

s i g n i f i c a n t  a b s o r p t i o n  by t!!e g a s t r o i n t e s t i n a l  rou te  (Camp-. 

b e l l  and  Dav idson ,  1970;  Frank and  Cohen,  1961;  Hal lowel l ,  

66-1 



1 9 5 9 ) .  A l s o ,  A Z O U Z ~  e t  a l .  ( 1 9 5 5 )  d e t e c t e d  no l , 4 - d , i c h l o r o -  

benzene  i n  t h e  feces of r a b b i t s  dosed  i n t r a q a s t r i c a l - l y  w i t h  
. .- . 

t h e  compound i n  o i l .  T h i s  s u g g e s t s  v i r t u a l l y  complete ab- 

s o r p t i o n  u n d e r  these c o n d i t i o n s .  

a. D i s t r i b u t i o n  

The s t u d i e s  of Morita and O h i  ( 1 9 7 5 )  and  Morita,  . e t  

a l .  ( 1 9 7 5  ) have  shown 1 4-d i c h l o r o b e n z e n e  i n  ad ipose t i s s u e  

(mean a b o u t  2 ng./kg) and blood ( a b o u t  0 . 0 1  n g / l )  of humans 

exposed  t o  a m b i e n t  p o l l u t i o n  l e v e l s  i n  t h e  Tokyo area. 

C. Me tabol  i s m  

The m e t a b o l  i s m  of 1,d-d i c h l o r c b e n z e n e  i r ?  rabb i ts  

was s t u d i e d  by A Z O U Z ,  e t  a l .  (1955). l f 4 - D i c h l o r o b e n z e n e  was 

p r i m a r i l y  metabol i z e d  by ox i d a t  i o n  t o  2,s-d i c h l o r o p h e n o l  

f o l l o w e d  ~ S y  =?.e f o r n a t  i on  of t he  g l u c u r o n i d e s  and e t h e r e a l  

s ~ ~ ~ a t e s .  :!inor ox I Z a t i v e  metabolites an6 ~?.sir c c n j g q a ~ e s  

were also de tec t ed .  P a a n a t t o  ar?d w a l k l e y  !195& 1 in6  i c i c e c !  

t h a t  2,s-d i c h l o r o p h e n o l  was also t h e  p r i n c  F?al a e t a b o l  ite o f  

1 4- d i c h l o r o b e n z e n e  In humans. 

. -  

0 

D. E x c r e t i o n  

E x c r e t i o n  of t h e  metabol i c  p r o d u c z s  o f  1 , 4-2  i- 

c h l o r o b e n z e n e  i n  t h e  r a b - b i t  o c c u r s  m a i n l y  t h r o u g h  t h e  u r i n e  

(Azouz ,  e t  a l .  1955), w i t h  no men t ion  made o f  f e c a l  e x c r e -  

t i o n .  

IV. EFFECTS 

A .  C a r c i n o g e n i c i t y  . 
N O  reports of spec i f ic  c a r c i n o g e n i c i t y  tests of 

.. _. . - _- ._ . . -. 

1 , l - d i c h l o r o b e n z e n e  i n  a n i m a l s  o r  of p e r t i n e n t  e p i d e m i o l o g i c  

s t u d i e s  i n  humans were a v a i l a b l e .  A f e w  I n c D n c l u s i v e  e x n e r i -  

-A- 6C-4 . .  . 1 . 8  



ments  which i n d i c a t e  f u r t h e r  i n v e s t i g a t i o n  of t h e  c a r c i n o -  

g e n i c  C o t e n t i a l  of 1 , 4 - d i c h l o r o b e n z e n e  is w a r r a n t e d  are re- 

viewed in .U .S  EPA ( 1 9 7 9 a ) .  

B. n u t a g e n i c i t y  

V a r i o u s  m i t o t i c  a n o m a l i e s  were o b s e r v e d  in cells 

and somatic chromosomes of 1 , 4 - d i c h l o r o b e n z e n e  treated root I 

t i p s  (Carey and XcDonough, 1943;  Sharma and  S a r k a r ,  1957 ;  

S r i v a s t a v a ,  1 9 6 6 ) .  T r e a t m e n t  of A s D e r a i l l u s  n i d u l a n s  l a  s o i l  

mold o r g a n i s m )  for o n e  h o u r  f n  an e t h e r  s o l u t i o n  of 1,441- 

c h l o r o b e n z e n e  i n c r e a s e d  t h e  f r e q u e n c y  of b a c k - m u t a t i o n s  

(Prasad, 1 9 7 0 ) .  

. 

C. T e r a t o g e n i c i t y  and O t h e r  R e p r o d u c t i v e  Effects 

P e r t i n e n t  d a t a  c o u l d  n o t  be l o c a t e d  in the a v a i l -  

a b i e  l i t e r a t u r e .  

D. C k r o n i c  T o x i c i t y  

5,r'feccs cbservec i  in racs sslc g u i n e a  ?i;s ex?csed ;a 

a c o n c e n t r a t i o n  of 2 ,050  mg/m3 1,4-d i c h l o r o b e n z e n e  for, six 

monchs i n c l u d e d :  grow&. d e p r e s s i o n  ( q u i n e a  pigs) ; i n c r e a s e d  

l i v e r  and k i d n e y  w e i g h t s  ( r a t s ) ;  abnorma l  l i v e r  p a t h c l o g y  

( c l o u d y  s w e l l i n g ,  f a t t y  d e g e n e r a t i o n ,  focal  n e c r o s i s ,  c i r r h o -  

sis) ( H o l l f n g s w o r t h ,  e t  a l .  1 9 5 6 ) .  In a n i m a l s  exposed  to  

4 , 8 0 0  ng/m3 1,4-d i c h l o r o b e n z e n e ,  up t o  25 p e r c e n t  d e a t h s  

were n o t e d ;  and i n  s u r v i v o r s ,  symptoms were n o t e d  t h a t  were 

s i m i l a r  to  t h o s e  o b s e r v e d  a t  t h e  lower dose:  

ogy vas also o b s e r v e d  i n  f e m a l e  r a t s ,  who r e c e i v e d  376 mg/kg . 
d o s e  of 1 , 4 - d i c h l o r o b e n z e n e  by s tomach t u b e  5 d a y s  a week f o r  

a t o t a l  of 1 3 8  d o s e s .  

S i m i l a r  p a t h o l -  



E. O t h e r  R e l e v a n t  I n f o r m a t i o n  

1 , 4 - D i c h l o r o b e n z e n e  can  i n d u c e  microsomal d r u g -  

m e t a b o l i z i n g  enzymes.  Changes i n  t h e  l e v e l s  o f  microsomal 

enzymes c a n  a f f e c t  t h e  m e t a b o l i s m  and b i o l o g i c a l  a c t i v i t y  of 

a wide  v a r i e t y  of x e n o b i o t i c s  (Ware and West, 1 9 7 7 ) .  

v. AQUATIC T O X I C I m  

- -  A. Acu te  T o x i c i t y  

Acu te  96-hour  LCs0 v a l u e s  f o r  a l l  a q u a t i c  s p e c i e s  

t e s t e d  were r e l a t i v e l y  s imilar .  For t h e  f r e s h w a t e r  f i s h ,  t h e  

b l u e g i l l  (Lepomis  m a c r o c h i r u s ) ,  a LC50 of 4 ,280  ug/l was 

o b t a i n e d ,  w h i l e  t h e  f r e s h w a t e r  i n v e r r e b r a t e  Daphnia  mayna was 

inore r e s i s t a n t ,  w i t h  a LCso v a l u e  of 1 1 , 0 0 0 .  

v a l u e  o f  7 ,400  pg/l was o b t a i n e d  f o r  t h e  m a r i n e  f i s h ,  t h e  

s h e e p s h e a d  ninnow ( CyFr inodon v a r i e q a t u s )  ; and zh? q - z ~ c  

ahr izp :.“ys:dopsis b a h l a )  had a n  L C s 0  v a l u s  of 1 , 6 9 0  u g / l  

(Z.S. E F A ,  L S 7 5 j .  

An LCso 

. -  

a.. C h r o n i c  

P e r t i n e n t  d a c a  c o u l d  Rot be l o c a t e d  Fa the a v a i l -  

a b l e  l i t e r a c u r e .  

C. P l a n t s  

The f r e s h w a t e r  a l g a ,  S e l e n a s t r u m  c a p r i c o r n u t u n ,  

when t e s t e d  f o r  t h e  e f f e c t s  of 1 , 4 - d i c h l o r o b e n z e n e  on c h l o r o -  

p h y l l  - a and c e l l  numbers ,  was shown t o  h a v e  had a r a n g e  o f  

effective c o n c e n t r a t i o n  of 96 ,700  t o  98 , 100’ ;g/1, w h i l e  t h e  

m a r i n e  a l y a  S k e l e t o n e m a  costatum w a s  more s e n s i t i v e ,  w i t h  an  

e f f e c t i v e  c o n c e n t r a t i o n  r a n g e  o f  54  , 800 to 59 , 100 u g / l .  
. 

~ .- . -  - ~. 



D. Res idues  

A b i o c o n c e n t z a t i o n  f a c t o r  o f  60 wzs o b t a i n e d  f o r  

t h e  f r e s h w a t e r  b lueq  ill. 

VI. EXISTING GUIDELINES AND STANDARDS 

A. Human 

The O c c u p a t i o n a l  S a f e t y  and H e a l t h  A d m i n i s t r a t i o n  
8 

Standa rd  (OSHA, 1976)  , and t h e  American Conference  o f  Govern- 

m e n t a l  I n d u s t r i a l  H y g i e n i s t s  ( A C G I H ,  1977)  t h r e s h o l d  l i m i t  

v a l u e  are 4 5 0  mg/m3 f o r  1 , 4-d i c h l o r o b e n z e n e  . 
a c c e p t a b l e  d a i l y  i n t a k e  ( A D I )  of 1 , 4 4 i c h l o r o b e n z e n e  is 0.94 

mg/day ( N a t l .  Acad. S c i . ,  1977). The U.S. SPA ( 1 9 7 9 a )  d r a f t  

water q u a l i t y  c r i t e r i o n  for coca1 d i c h l o r o b e n z e n e  (all t h r e e  

isomers) is 0 .16  mg/l. 

B. A c u a t i c  

The 

A c r i t e r i o n  f o r  t h e  p r a c e c t i o r ,  ~f f r e s h w a t e r  aqua- 

t i c  l i f e  has  been d r a f t e d  as a 1 P O  ug/l 2 4 - h o u r  ave rage  con- 

c e n t r a t i o n ,  n o t  t o  exceed  340 ug/l a t  any t-me. F o r  the 2rc- 

t e c t i o n  of m a r i n e  l i f e ,  t h e  c r i t e r i o n  is 15 w/l as a 2 4 - h o u r  

a v e r a g e ,  noc t o  exceed  3 4  ug/1 a t  any time. 

I 

. 

B - 
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DISCLAIMER 

. 
This report r e p r e s e n t s  a sumey of t h e  p o t e n t i a l  h e a l t h  

and e n v i r o n m e n t a l  h a z a r d s  f rom e x a o s c r o  t o  t h e  s u b j e c t  chemi-  
ca l .  The i n f o m a t i o n  c o n t a i n e d  i n  t h e  report is  ckrawn c h i e f l y  
from s e c o n d a n  s o u r c e s  and a v a i l a b l o  r e f e r e n c e  documents .  
Because of t h e  l i m i t a t i o n s  of such sources, this short p r o f i l e  
may n o t  r e f l e c t  a l l  ava i lab le  i n f o r z a c i o n  i n c l u d i n g  all t h e  
a d v e r s e  h e a l t h  and e n v i r o n m e n t a l  im?atts p r e s e n t e d  by t he  

e n s u r e  i t s  t e c h n i c a l  a c c u r a c y .  
s u D j e c t  chemical.  T h i s  document has andergone s=rliL' ,,ny t o  

.. . 
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DICYLCIROBENZENES 

Smnary 

Dlchlfxobenzones ars l i g o p n i l i c  cmoounos which, uoon =,bsorst ion i n t a  

These comoounas a r e  metacolized by t he  baoy, depos i t  i n  the  f a t t y  t i s s u e s .  

t h e  liver microsomal enzyme system t o  water s o l u b l e  compounds. Chronic ex- 

posure t o  any o f  t h e  thIze' isomers produces effects on the l iver ,  blood, 

central nervcgs system and r e sp iza t a ry  tract .  S t u d i e s  t a  determine t3e czr- 

cinogenic  or  t e r a t o g e n i c  p o t e n t i a l  of the  dichlorobenzenes were not  l oca t ed  

I, 

i n  t h e  a v a i l a b l e  literature. In one study these compounas have inc reased  L 

t h e  mutat ional  rate of s o i l  mold. 

The p o s i t i o n  o f  the c h l o r i n e  atoms on t h e  benzene ring appezrs t o  i?ave 

l i t t l e  s i c p i f i c a n t  effect on the t o x i c i t y  o f  the  1,2-, 1,3-, O i  

.-. - , .-. . . .. - .  . .. __..- _._ ~ . _ .  . . -  . .  . - ... . . . . - *. . . .__ . I  .. 



OICHU3ROGENZENES - 
I. INTRODUCTION 

This p r o f i l e  is based' o n - t h e  Ambient \Vatzr Guality C i i t c r l a  Oociment 

f o r  Oichlorobenzenes (U.S. P A ,  1979). 

The dichlombenzones (C&I1Cl2; molecular weight 117.01 1 a r e  a 

class o f  halogenated aromatic compounds represented by three st ,ucturaLly 

similar isomers: 1,2-dichlom-, 1 ,3-dichlom-,  and l ,4-dic! lomhenzznes 

(Neast , e t  a l .  1975). I, 2 4 i c i l o r o -  and 1, 3-dichlombenzene a r e  l i q u i z s  a t  

normal environmental .temperatures while 1 ,bdichlorobenzene is a s o l i d .  A l l  

t he  dichlorobenzenes b o i l  a t  approximately 175OC and have a densi ty  c l o s e  

t o  1.28 a / m l .  The s o l u b i l i t i e s  i n  water o? t he  1,2-, 1,3-, and 

1, ,1-dlchlor9benzone iscmers a t  2 P C  a= l k 5 ,  COO pg/1, 123, CCO ps/l, 'ahC 

8C,sOO pg/1, respectively (Jacobs,  1957). The vaoor pressure of 

: , 2 - ~ 1 i r ~ ~ ~ r c j e n r o n e  =,t ZOOC ir 1 rem 35;. t>e VEFCI presrxz  

1,j-cjichi,s:c?znZene z t  Z ~ O C  i s  5 mm q; ana tne vzccr zrzssc;r~ z f  

1,k-dicbhmkenz~ne zt- 25°C Is 0.1 zz ?g (Jorltn, 1950; Kirk s?.: nLL--- "La s.8.c- , 

1963). 

The major uses of  1,2-dichlorobenzzne are  as 3 process sslvznt i n  ::e 

manufacturing of toluene d i i sccyanate  ana  as an intermediate  i n  t h e  svn- 

t3esis c f  dyestur'Fs, . krb ic f t e s ,  and degreasers.  1,1-Dichlor3benrere is 

used a s  an a i r  deodorant and an insec t ic ide .  1,3-Dichlorobenzene is  found 

a s  a contaminant of  the o ther  two isomers. The combined annual production 

of 1,2-, and 1,LI-dichlorobenrene in t h e  United S t a t e s  appmac3es 50,000 

metric tons  (Ware and West, 19771. 

. . . ' .  
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11. EXFOSJRE 

A. Water 

Dichlorobenzenes have been detected o r  q u a n t i f i e d  i n  rivers, ground 

water,  municipal and i n d u s t r i a l  disc!?aqes, and drinkin; :vater. D i c h l s x -  

benzenes e n t a  3 e ’  watzr systems from t h e  use o f  i ,2-Gichlorobenzene a s  a 

deodorant i n  i n d u s t r i a l  wastewater t rsatment  and from the .  use.  o f  

1 ? 4-dichlombenzene t o i l e t  blocks (Ware and West, 1977) . Chlorinated Sen- 

z m e s  may a l s o  be forined during c h l o r i n a t i c n  o f  raw and wastewater con- -. 

t a i n i n g  organic  p recu r so r  m a t e r i a l  (Glaze, e t  a l .  1976). ’ In  two case 

stzdies t h e  concentzat ion of dichlorobenzene i n  f i n i s h e d  water was higher  

than i n  t5e raw water su?!ply (Gaffcey, 1976). 

2. Fcsd 

There are not encugh data t o  s ta te  q u a n t i t a t i v e l y  t>:e degree cf 

4: - - - . . - - - +  ..kl -“&17Zepp -_ - . . -  2xpcsurs L5T3CISh tnc_21 3itt. T = : ” ” q r  . _ _ a  --..= r r =  - .  , ?Zj< *Sf 52-7 

-=o--- . . .  54 - _ _ _  Z L ~  t3 the use .;.f 2~ odor .:cztyoi 2i.zCb,zt c c n t z i n i j ;  1, L - < ~ ~ : ~ - ~ : ~ -  

jenzene i n  ?io stslis ( S c h i d t ,  1571). 3 1 ~ 0 ,  1 r . v  l e v e l s  c f  c rntz~ in2: i ro  r; 

a l a n t  g ~ : c x t s  have Seen notecl ’rzm t?e  rnetazclisrn o f  i:ztzt?~ and ,;zma- 

3 o n t a c ~ l ~ ~ - l - c : / c l o h e x a n ~  (2al3.a arc! Sana, 197r:; Vssta?=_ 2nd Moza, 1573) .  

w r l t a ,  e t  a l .  (1375) regcrt.?d c c t e c t z k l z  l t v e l s  a f  I ,  --$ic:Lorcbenzenz i?, 

i i s n  of me Japanese c o a s t i l  war-ers; c x  ccncon t r s t ino  :rzs 5.25 T?/!<;. ! - E  

U.S. €?A (1979) has estimated t h e  weighted average S iocsncon t ra t ion  f a c t o r s  

f o r  the edible  po r t ion  of  f i s h  and s h e l l f i s h  consumea oy Americans for 1,2- 

dicnloro-,  i ,3-dichloro-,  and 1,4-dichlorobenzene t o  be 2G0, 150, and 140, 

respectively. These es t ima tes  are based on measured s t eady- s t a t e  Siocon- 

c e n t r a t i o n  studies i n  b l u e g i l l s .  

e 
. .  
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C. Inha la t ion  

1,2-Dichlorobenzene has been detected t n  -. . airborne p a r t i c u l a t e  

matter i n  Cal i forn ia  a t  cancent ia t ions  between 8 and 53 np/m2 ('dare and 

West, 1477). IWrita and Ohi (1975) measuEd 1,L-dichlcrobenzone i n  t h e  

vapor pnase, by the use of a co ld  so lvent  t i a p ,  i n  and arouna Tokyo. U i h n  

l e v e l s  were 2.7 t o  ft.2 pg/m ; suburSan levels were lowei a t  1.5 t o  2.4 3 

3 

3 
pg/m ; however, indoor levels were considerably higher a t  0.105 t a  1.7 

mg/m . 
111. PHARMACOKINETI[S 

A .  Absomtian 

The dir5lsrzkenzenes mnay be aesGi5ed t h z C i g  t h e  1 l s r . s ~ ~  g a s t x -  

i n t e s t i n a l  t x c t ,  and i n t a c t  s k i n  (';tare and West, 1977). Therz is nc data 

gn ths m a n t i t a t i v e  z f f ic iency  o f  a b s a m t i c n  of dichloio5enzenes; h O W E !  

a s  indicated from t!?e ?scearance 3 f  mecaoolites i n  tne  l l r i r~,  :Esoiz3t-I~! 

a s s c m t i c r ,  curing i z n a l a t i o n  eX3csui-l i r  :lacid (Pagnacto ?no 'ualkle:/! 

1566). In h m n s ,  t o x i c  effects following acc identa l ly  or d e l i b e r a t e l y  in- 

gested I ,  k-dkhlcrobenzene clearly i n d i c a t e  si , ;nificant S b S G Z x h n  bv. t F e  

g a s c x r i n t o s t i n a l  route  (Campbell ana 9avidson, 1570; Frrank' and Cohen, 1% ; 

Hallowell, 1959).  Also, 1,2-dichlorobenzene fe5 t o  r a t s  a t  loss ??an C.b t 2  

2 mq/kg/day was abSOrDea and accumulated i n  var icus  t i s s z e s ,  Indicat ing 

s i g n i f i c a n t .  abscrp t icn  by t h e  g a s t r o i n t E s t i n a 1  tract even a t  L m  l e v e l s  of 

exposure Sy inggst ion (Jacobs,  e t  a l .  1971a,b). 

a. O i s t r i b u t i o n  

Aft'er feedirg iatS low levels of 1 ,24ichlorobenzene i n  c m o i n a t i o n  

with o t h e r  trace p o l l u t a n t s  found i n  the Rhine River, t i s s u e  a c c o m i a t i c n  

was g r e a t e r  i n  f a t  than i n  t h e  l iver ,  kidney, h e a r t ,  and biaoa (Jacoos,  e t  

a l .  197b). Studies  of Morita and O h i  (1975) and e r i t a ,  e t  a l .  (1975) have 

. .  
i . . ,  



shown 1,4-dichlorobenzene i n  adipose tissue (mean about 2 mg/kg) and klocd 

(about 0.01 mg/?) of humans exposed t o  ambient p o l l u t i o n  levels i n  t h e  Tckyo 
- .. 

area.  

c Azouz, e t  a i .  (19551, and 1,3-dichlorohenzene was s t u d i e d  by Parke and 

will iams (1955.1 i n  rabbits.  These compounds are mainly metabolized by oxi- 

da t ion  t o  3 , 4 4 i c n l o r o p h e n o l ,  2,5-dichloroohenol, and 2 , ~ - d i c ~ l o r o o h e n o l  

r e spec t ive ly ,  which are subsequently conjugated.. Other ox ida t ion  products  
-. 

are f o n e d  t o  a lesser e x t e n t ,  followed again by canjugat ion.  P a p a t t o  and 

Walkley (1966)  i nd ic s tod  t:at 2,5-dichlcrcphenc? was a l s o  tb2  p r i n c i a a l  

mecaoolito c f  l , L d i c 3 l x o k e n z e n e  i n  hunans. 

9. Excretion 

... 
A. Czicinogenici ty  

rzviewed i n  U.S. E?A (1979) inGicate t h a t  furzher i c v e s t i g a t i o n  o f  t n e  car- . 

cinogenic  p o t e n t i a l  of t h e  dichlorobenzenes is warrsntsd.  

8 .  Mutagenicity 

Various m i t o t i c  anomalies were observed i n  cel ls  and somatic  

chromosomes of 1,4-dicnl3robenzene-;,eated r c o t  t i p s  (S r ivas t zva ,  1466; 

Snarma and Sarkar ,  1957; Carey and McDonough, 1 9 4 3 ) .  Treatmknt o f  

nsaernillus niduians ’ ( a  s o i l  m o i ~ - ~ o r 5 a n i s m ) -  -for ---cne nour - in  an zche r  - _. . 



s o l u t i o n  o f  any of' the three iscmers of dichlorobenzene increased the 

frequency of back-mutztions (?rasad, 1970). - In the Anes assay, 
..- . 

1 , 2-dichlorcbentene d i d  not i nc rease  t h e  n u t a t i o n a l  rate o P the  

h i s t i d i n e - r e q u i r i q  st ra ins  o f  Salmonella t v c h k u r ~ z z  :Anderren, e t  a l .  

1972). 

C. Teratogenici ty  and Other Reproductive Effects 

Pe r t inen t  data could not  be loca t ed  i n  the available l i t e r a t u r e .  

Camobell and Oavidson (1970) reported t h e  h i s t o r y  o f  a woman who 

was eating p-OCB during her p r e g a n c y ,  and which had no appareqt effect on 

t h e  o f f s p r i r g .  

0. Chronic Toxicity 

In  h m n s  , chronic  occupat ional  exposme 3y i n h a i a t i o n  nas occurred 

mainly from I, 4 4 i a l o r z S e n z e n e  and t o  a lesser ex ten t  1,2-dic5lorobenzene. 

Tsxicity has  invclvst tho P o l l o w i q  organs sn5 t i s s u e s :  liver,. blood (3r 

I n  an i n n a l a t i a n  study, Follingsworth, ST: al. (19%) exposed ~ r c u s s  sf 20 

r a t s ,  e i g h t  guinea gigs, fcur racbits, and t xo  monkeys vzcor o f  

1,2-dic91orcbenzone f o r  seven nours per day, five days 9er week f o r  s i x  t o  

seven monrhs ac m ZveraSe ce;-.csntzation o f  563 mg/m . No adverse effects 

were noted i n  behavior,  growth, organ weights,  hematology, o r  gross and 

n ic rosc3p ic  examination of t i s s u e s .  In  a nine-month chronic  t o x i c i t y  study 

Varshavskaya (19671, gave rats 1,2-dichlombenzene a t  d a i l y  doses of O.CO1, 

0.01, and 0.1 mg/kg. The toxicolo#cal  c b s e r v a t i o k  i n  t h e  h i s h e s t  dose 

group was anemia and o t h e r  blood changes, l i v e r  dmage ,  and c e n t r a l  ne,rvous 

syste! depression. Liver damage has a l s o  been observed wi th  r a t s  and guinea 

3 

g i g s  exposed t o  1,k-dichlorobenzene a t ,  a concentrat ion o f  2,050 q/n3  f o r  

080823 



s i x  months (Hol l ingswor th ,  e t  a l .  19561.. There have been no s o e c i f i z  

s t u d i s  on the c h r c n i c  effects o f  1 ,3-d ich lorobenzene  , a l though  t h i s  tcm- 

pound may 'have Sem a contaminant  i n  t h e  p r e p a r a t i o n s  o f  t h e  o t h e r  two iso- 

mers used f o r  t o x i c o l o g i c a l  t e s t i n g  (U.S. C7C: 1979). 

E. Other Relevant  Informat ion  

. Dichlorooenzenes c a n  induce  t h e  microsomal drug  me tabo l i z ing  en- 

zymes. Changes i n  the l e v e i s  of microsomal enzymes can  a f f e c t  t h e  metab- 

o l i s m  and b i o l o g i c a l  a c t i v i t y  o f  a wide v a r i e t y  of  x e n o b i c t i c s  (Ware and 

West , 1977). 

V. AQUATIC T O X I C  I TY 

A. Acute Tox ic i ty  

csstea i n  46-ncur s x a t i c  b ioas says .  2 , k d C ;  11,ZCO; and 

28,100 pg/1 f o r  t h e  1,2-, 1 , 4-, and 1,3-dlchlorobenzenz i somers ,  resoec-  

r i v e l y  (U.S. EPA, 1978). Marine f i s h  were s l i g h t l y  more r e s i s t a n t  t h a n  

freshwater f i s h  i n  96-hour s t a t i c  a s s a y s  wi th  CC,, v a l u e s  r ang ing  from 

17,400 t o  9,660 pg/1 for 1 , 11- and L,Z-dichlorobenrene,  r e s p e c t i v e l y ,  fzr 3~12 

sheepshead minnow. Xa i ine  i n v e r t e b r a t e s  were t h e  most s e n s i t i v e  z&anisms 

LCjo v a l u e s  #ere: 

~- * -  
- .  -- ~ . 
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tested wi th  LCm valges o f  1,970, 1,990, and 2,850 Dg/1 obtained f o r  l,Z-, 

1 ,&-, and 1,3- dlcSlcmcoenzones iessectively i n  nysid shrimp (:4vsi5oosis 

- bahia)  (U.S. EPA, 197s). 

B. C h n n i c  Toxici ty  

The only chronic  study performed was an embryo-larval t es t  of tRe 

freshwater f i s h ,  t h e  fathead minnow (Pimerrhales prcmelas),  tha t  przducea a ' 

chronic  value of  1,COO p g / l .  No o t h e r  chronic  s t u d i e s  were ava i l&le .  

C. P l an t  Effects -. 
The freshwater a lgae  Selenastrum caoricornutum, when t e s t a d  for  the 

effects o f  dichlombenzenes on chlorophyl l  a and cell numbers, haa effective 

ccncen t r a t ions  ranging fiGiTl  91,600 t o  98 ,COO;  lL9,C30 t o  179,CGO; and f6,7CO 

t o  98, fOO pg/1 f o r  1,Z- , 1, E ,  and I, l-dichlorooenzene , rercaczively . 
Simi la r  s t u d i e s  i n  the  aazfne a lgae  Skeletznena costaturn revealed eff tc t ive 

. .  

c). Residues 

1 , F ,  and 1,l-cjiciilornbenzenes i n  the SlcegiLL. Data cn marine sicc?n-. . -- 

c e n t r a t i o n  factcrs are not ava i l ao le .  

V I .  EXISTING G U I D E L I N E S  PNC STANDPROS 

A. Human 

The Occupational Safety and I-kalth Administration, (OSHA, 19763, 

ana the American Conference o f  - Governmental I n d u s t r i a l  Hygienists (ACGIH, 

1977) t h re sho ld  limit value is 300 mg/m3 f o r  1,2-dichlorobenzene and k 5 0  

mg/m3 f o r  1,l-dichlombenzene. The acceptable d a i l y  i n t a k e  ( A D 1 1  of 1,2- . , 

o r  1,rcdichlorobenzene is 1.316 mg/day (Natl. Acad. Sci . ,  1977). There are 

A 
d 
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no standards f o r  1,3-dichlorcbenzene. The U.S. EPA (1,079) draft water 

quality criterion for total dichlorobenzene ( a l l  three Isomers) is 0.16 rng/l. 

8 .  Aquatic 

The draft crit.&a ?or the protection of fresnwazer oryanisrns aie 

44 pg/1 not to exceed 99 pg/l for  1,2-dichlorooenzene; 310 pg/l not to ex- 

ceed 7CC q /1  f o r  1,3-dichlorcbenzene; and 190 pq/1 not to exceed 440 p g / l  

for 1,4-dichlorobenzene. For marine organisms criteria have Seen drafted as 

15 Pg/1  not to excsed 34 pc/l fcr 1,2-dichloroknzone; 22 ps/l nct t3 exceea 

49 pg/l  fo r  1,Fdichlombenzene; and 15 pg/1 'not to exceed 34 pg/1 fo r  

l,4-dichlorobenzene. 

a' . . .  *- 00883% 
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DISCLAIMER 

T h i s  report  r e p r e s e n t s  a s u r v e y  o f  t h e  p o t e n t i a l  health 
and  e n v i r o n m e n t a l  hazards  from e x p o s u r e  t o  t h e  s u b j e c t  chemi- 
ca l .  TSe i n f o m a t i o n  c o n t a i n e d  i n  t h e  report  is drawn c n i e r ' i y  
from s e c o n d a r y  s o u r c e s  and a v a i l a b l e  r e f e r e n c e  documen t s .  
BecaGse of t h e  l i m i t a t i o n s  of s u c h  s o u r c e s ,  t h i s  shor t  p r o f i l e  
may n o t  r e f l ec t  a l l  a v a i l a b l e  i n f o r m a t i o n  i n c l u d i n g  all t h e  
adverse h e a l t h  a n d  env i ro f ix l en ta l  i m p a c t s  ? r e s e n t e d  by t h e  
s u b j e c t  chsrniczl. T h i s  document  has u n d e r o o n e  scrutiny to  
e n s u r e  its t e c h n i c a l  a c c u r a c y .  
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SPECIAL NOTATION 

U.S. EPA' s Carcinogen Assessment Group (CAG)  has evaluated 

3,3'-dichlorobenzidine and'has found sufficient evidence to 

indicate t h a t  this compound is carcinogenic. 



3 , 3  ' -DICHLOROBEN Z I D I N E  

SUMMARY 

The a d v e r s e  h e a l t h  e f f e c t s  a s s o c i a t e d  w i t h  3 , 3  ' -d i c h l o r o -  

b e n z i d i n e  i n c l u d e  t h e  e l e v a t e d  r i s k  of  c a r c i n o g e n i c i t y  based 

upon da t a  from s e v e r a l  e x p e r i m e n t a l  b i o a s s a y s .  

posed t o  d u s t  c o n t a i n i n g  d i c h l o r o b e n z i d i n e  were found t o  have 

a s l i g h t  t o  moderate pulmonary c o n g e s t i o n .  

A n i m a l s  ex- 

One a q u a t i c  t o x i c i t y  t e s t  h a s  been performed f o r  d i -  

c h l o r o b e n z i d f n e ,  y i e l d i n g  r e s u l t s  i n d i c a t i n g  t!!at concen t r a -  

t i o n s  o f  0 .5  vg/l were a c u t e l y  t o x i c  to  a f r e s h w a t e r  f i s h  

s p e c i e s  . 

Q 



a 

a 

3 I 3 ' - D I  CHLOROBEN Z I D I N  E 

I .  INTRODUCTION 

T h i s  p r o f i l e  is based  p r i m a r i l y  on t h e  Ambient  Water 

Q u a l i t y  C r i t e r i a  Document f o r  D i c h l o r o b e n z i d i n e  (U.S. EPAI 

1 9 7 9 ) .  

( 4  ,4'-diamino-3,3'-dichlorobiphenyl) is C12H10C12N2, 

and h a s  a m o l e c u l a r  w e i g h t  o f  253.13. 

i n g l y  soluble  i n  water ( 0 . 7  g / 1  a t  1 5 ° C )  , b u t  r e a d i l y  s o l u b l e  

i n  o r g a n i c  s o l v e n t s .  Because  o f  t h e  f a c t  t h a t  3 , 3'-d i c h l o r o -  

b e n z i d i n e  is an  o r g a n i c  b a s e ,  it may be f a i r l y  t i g h t l y  bound 

t o  humic mater ia l s ,  c a u s i n g  long- t e rm s t o r a g e  i n  soi ls .  

The m o l e c u l a r  f o r m u l a  of 3 , 3 ' - d i c h l o r o b e n z i d L n e  

The c h e m i c a l  is spar- 

3 I 3 I -9 F c 5 l o r o b e n z  i d  i n e  h a s  been  demons t r a t e t i  t o  be a 

c a r c i n o g e n  i n  e x p e r i m e n t a l  a n i m a l s .  

comas and a d e n o c a r c i n o m a s  have  been induced  a t  

s i tes ,  and i n  s p e c i f i c  o r g a n  s y s t e m s  upon d o s a g e  by g a v a g e .  

Various t y p e s  of  sar-  

i n j e c t i o n  

-. . ... 

No e v i d e n c e  is z v z i l a b l e  i m p l i c a t i n g  3 , 3 ' - d l c h l o r c ~ e n z i d i n e  

as a human c a r c i n o g e n .  

11. EXTOSUXE 

A .  Water 

3 13'-Dichlorodi,benzidine h a s  been  d e t e c t e d  i n  water  

n e a r  a waste d i s p o s a l  l a g o o n  r a n g i n g  f rom 0 . 1 3  t o  0 . 2 7  mg/ l ,  

as  h a v e  b e n z i d i n e  c o n c e n t r a t i o n s  up t o  2.5 mg/l  ( S i k k a ,  e t  

a l .  1 9 7 8 ) .  

e f f l u e n t s  of d y e  and p i g m e n t  f a c t o r i e s  (Takemura ,  e t  a l .  

1 9 6 5 )  t o t a l  a r o n a t i c  amines  i n c l u d k g  3 , 3 ' - d i c ~ l o r ~ ~ e n - i d F n e  

I n  water o f  t h e  Sumida R i v e r  i n  Tokyo r e c e i v i n g  

were r e p o r t e d  as h i g h  a s  0.562 ng / l .  

s u p p o r t  t h e  p o s s i b i l i t y  t h a t  t h e  u s e  of  s t o r a g e  l a g o o n s  

h a n d l e  3 , 3 I-d F c h l o r o b e n z  Ldine wastes may pose a t h r o a t  t o  

p e r s o n s  r e l y i n g  on  n e a r b y  wells f o r  d r i n k i n g  water .  

The l i t e r a t u r e  t e n d s ,  t o  

t o  
. -  

- _  ~ 



B. Food 

Data qu 

. i n  foods have  n o t  

n t i f y i n g  l e v e l s  of 3 , 3 ' - d i c h l o r o b e n z i d i n e  

been  r e p o r t e d .  I t  was s u g g e s t e d  t h a t  con- 

s u m p t i o n . o f  f i s h  would serve as  the major d i e t a r y  i n t a k e  of 

3 , 3 -d i c h l o r o b e n z  i d  i n e .  

b e n z i d i n e  were detected (<lo w/l )  i n  f i s h  sampled n e a r  a 

N o  m e a s u r a b l e  levels  of 3 , 3 ' -d ichloro-  

c o n t a m i n a t e d  was te - l agoon  ( D i a c h e n k o ,  1 9 7 8 ) .  

The U.S. EPA (1979)  h a s  estimated t h e  w e i g h t e d  

a v e r a g e  b i o c o n c e n t r a t i o n  f a c t o r  to  be 1 , 1 5 0  f o r  3 , 3 ' - d i c h l o r o -  

b e n z i d i n e  fo r  t h e  edible  p o r t i o n s  of f i s h  and s h e l l f i s h  con- 

sumed by Amer icans .  T h i s  estimate is based on ';he o c t a n o l /  

water p a r t i t i o n  c o e f f i c i e n t .  

C. I n h a l a t i o n  

The low v o l a t i l i t y  and l a r g e  c r y s t a l  s t r u c t u r e  of 

3 , 3 ' - d i c h l o r o b e n z i d i n e  would t end  to  min imize  the r i s k  of ex- 

p o s u r e  t o  t h e  chemical i n  a m b i e n t  a i r .  However ,  i n n a l a t l o n  

may be a major s o u r c e  of e x p o s u r e  to t h o s e  i n d i v i d u a l s  occu- 

p a t i o n a l l y  exposed  t o  3 , 3 ' - d i c h l o r o b e n z i d i n e .  C o n c e n t r a t i o n s  

as h i g h  as 2 . 5  mg/100 m3 have been r e p o r t e d  Fn one J a F a n e s e  

3 i p e n t  f a c t o r y  ( A k i y a n a ,  1970). 

D. D e r m a l  

Under specif ic  c o n d i t i o n s  o f  moist s k i n  and h i g h  

a t n o s p h e r i c  h u m i d i t y  and t e m p e r a t u r e  de rma l  a b s o r 2 t i o n  of 

' 3 , 3 ' -d i c h l o r o b e n z  i d  Fne may be p o s s  i b l e .  

I I I . PHARPiACOKIN E T I  CS 

A .  A b s o r p t i o n  

Data c o n c e r n i n ?  the r a t e s  and degree of a b s o r p t i o n  

of d i c h l o r o b e n z i d i n e  have  n o t  be q u a n t i t a t e d .  



B. D i s t r i b u t i o n  

One s t u d y  a d m i n i s t e r i n g  ( 1 4 C ) - 3 , 3 1 - d i c h l o r o b e n -  

z i d i n e  a t  d o s e s  o f  0 . 2  mg/kg i n t r a v e n o u s l y  i n  r a t s ,  monkeys,  

and d o g s  r e v e a l e d  a g e n e r a l  d i s t r i b u t i o n  o f  r a d i o a c t i v i t y  

a f t e r  14 d a y s .  The h i g h e s t  ( 1 4 C ) - 3  , 3 ' - d F c h l o r o D e n z i d F n e  

l e v e l s  were found i n  t h e  l i v e r s  of a l l  t h r e e  species,  i n  t h e  

b i l e  of monkeys and i n  l u n g s  of d o g s  ( K e l l n e r ,  e t  a l .  1 9 7 3 ) .  

C. Metabolism 

'* F o l l o w i n g  t h e  i n t r a v e n o u s  i n j e c t i o n  of 0 .2  mg/kg 

(14C) -3  , 3 ' - d i c h l o r o b e n z i d i n e  , t h e  t o t a l  u r i n a r y  r a d i o a c -  

t i v i t y  was r e c o v e r e d  as o n e - t h i r d  unchanged ( l 4 C ) - 3 , 3 ' -  

d i c h l o r o b e n z i d  i n e ,  c n e - t h i r d  a s  t h e  mono-N-acetyl d e r i v a t i v e  

o f  t h e  p a r e n t  compound, and t h e  r e m a i n d e r  n o t  r e c o v e r a b l e  

( K e l l n e r ,  e t  al., 1 9 7 3 ) .  C h r o n i c  i R q e s t i o n  of smail  d o s e s  o f  

3 , 3  ' -d l c h l o r o b e n z  Id i n e  l e a d  t o  t h e  a p p e a r a n c e  of f o u r  meta- 

bo1 i c  p r o d u c t s  Lnclud ing b e n z i d i n e  ( L'. S.  EPA , 1 9  79 ; , however  , 

t h e  r e su l t s  may be q u e s t i o n a b l e  d u e  t o  t h e  a n a l y t i c a l  inethods 

employed ' i n  t h e  s t u d y .  No metabolites of 3 , 3 ' -d i c h l o r o b e n z  i- 

3Fr.e have  been Z o t e c t e d  i n  t h o  e x c r e t a  of aoqs e x 2 e r l c e n t a l l y  

a d i n i n i s t e r e d  t h e  p a r e n t  compound (t i .S. EBA, 1 9 7 5 1 ,  nor the  

u r i n e  of human s u b j e c t s  e x p e r i m e n t a l l y  a d m i n i s t e r e d  t h e  chem- 

i c a l  ( G e r a r d e  and G e r a r d e ,  1 9 7 4 ) .  

. 

-.. 

E. E x c r e t i o n  

S e v e r a l  s t u d i e s  have  i n d i c a t e d  t h a t  f e c a l  e l i m i n a -  

t i o n  may be a major route of e x c r e t i o n  i n  a n i m a l s  and humans 

(U.S .  E T A ,  1 9 7 9 ) .  One s t u d y  ( M e i g s ,  e t  al. 1 9 5 4 )  d e t e c t e d '  

u n s p e c i f i e d  amounts  -of 3 , 3 ' - d i c h l o r o b e n z i d i n e  i n  t h e  u r i n e  o f .  
- - _  

. .  

! 6b-7 



IV. EFFECTS ON MAMMALS 

A. C a  rc inog  e n i c  i t y  

A number of  i n v e s t i g a t i o n s  have r e p o r t e d  t h e  car- 

c i n o g e n i c  p o t e n t i a l  o f  3 , 3 f - d i c h l o r o b e n z i d i n e .  D i e t a r y  3 , 3 ' -  

d i c h l o r o b e n z i d i n e  a t  1,000 mg/kg have  been associated w i t h  

the s i g n i f i c a n t  o c c u r r e n c e  of mammary adenocarc inomas ,  granu. 

l o c y t i c  l eukemia ,  and zymbal g l a n d  carc inomas  in male rats 

and mammary adenocarc inomas  in female  r a t s  ( S t u l a ,  e t  a l .  

1975). I n  d o g s ,  o r a l  doses o f  1 0 0  mg/kg were associated w i t h  

t h e  s i g ' n i f  i c a n t  o c c u r r e n c e  of  h e p a t f c  and u r i n a r y  b l a d d e r  

ca rc inomas  ( S t u l a ,  e t  a l .  1975). L e v e l s  of 0.5 and 1 . 0  m l s  

o f  a 4 . 4  p e r c e n t  s u s p e n s i o n  of 3 , 3 ' - d i c h l o r o b e n z i d i n e  i n  rac 

f e e d ,  r e s u l t i n g  in a 4.53  g t o t a l  dose of t h e  chemical, pro- 

duced an i n c r o e s e  of c i n c e r s  of t h e  mammary g l a n d ,  Z - p b a l  

g l a n d ,  u r i n a r y  b i a d d e r ,  s k i n ,  szell i n t e s t i n e ,  l i v e r ,  Lkyz3Ld 

g l a n d ,  k l z a e y ,  hemato$oLetic system and s a l i v a r y  g lan2s  

(Pliss, 1 9 5 9 ) .  Repatic tumors and sebaceous g land  carcinoma 

were obse rved  Fn mice exposed to a t o t a l  dose of 127.5 t o  135 

mg o v e r  a t e n  month p e r i o d  o f  t i m e  ( P l i s s ,  1959). 3,3'-Di- 

ch lo robenz idLne  was adminis te red  a t  levels of 30 mg e v e r y  3 

d a y s  for 30 d a y s  by gavage. O b s e r v a t i o n s  o v e r  n i n e  months 

demons t r a t ed  t h a t  DCB is i n e f f e c t i v e  as a mammary c a r c i n o g e n  

( G r i s w o l d ,  e t  a l .  1968). A d i e t  of 0.3 p e r c e n t  3 , 3 ' - d i c h l o r o -  

b e n z i d i n e  was m a r g i n a l l y  c a r c i n o g e n e t i c  and t u m o r i g e n i c  t o  

hamsters (U .S .  EPA, 1979). 3 ,3 ' -D ich lo robenz fd ine  h a s  a lso 

found t o  produce  t r a n s f o r m a t i o n  i n  c u l t u r e d  r a t  embryo c e l l s  

(Freeman, e t  a l .  1 9 7 3 ) .  Epidemiology s t u d i e s  i n  the Uni ted  

S t a t e s ,  Great B r i t l a n ,  and Japan  have n o t  p rov ided  e v i d e n c e  

, . .  
, - . ,  , I 6 b-d 
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. t h a t  3 , 3 ' - d i c h l o r o b e n z i d i n e  by i t s e l f  i n d u c e s  b l a d d e r  c a n c e r  

i n  w o r k e r s  o c c u p a t i o n a l l y  exposed  t o  t h e  c h e m i c a l  .- For  some 

s t u d i e s  , t hough  , t h e  l a t e n t  p e r i o d  f o r  tumor f o r m a t i o n  m i g h t  

n o t  have  e l a p s e d .  

B. M u t a g e n i c i t y  

3 , 3 ' - D i c h l o r o b e n z  i d  i n e  h a s  been  shown to  i n d u c e  

f r ame  s h i f t  m u t a t i o n s  i n  S a l m o n e l l a  tvphimur iurn  t es te r  s t r a i n  

TA1598 i n  t h e  p r e s e n c e  of t h e  S9 NADPH-fortif i e d  r a t  l i v e r  

enzyme p r e p a r a t i o n  ( G a r n e r ,  e t  a l .  1 9 7 5 ) .  S i m i l a r  r e s u l t s  

w i t h  t es te r  s t r a i n  TA98 i n d i c a t i n g  f r a m e  s h i f t  m u t a t i o n s  and 

s 

t es te r  s t r a i n  1 0 0 0  i n d i c a t i n g  b a s e - p a i r  s u b s t i t u t i o n s  were 

o b s e r v e d  by p r i o r  m e t a b o l i c  a c t i v a t i o n  w i t h  a male mouse 

anzyme s y s t e m  (Lazear  and  L o u i s l  1977). 

C.  T e r a t o g e n i c i t y  

I n f o r x a t i o n  relative t o  t h e  t s r z t o q e R i c  e f f e c t s  of 

3 , 3  I -? i z t l o r o b e n z i d  i n e  was n c t  found i n  t h e  a v z i l e k l e  

l i t e r a t u r e .  'Document ( U . S .  EPA, 1 9 7 9 ) .  The c h 2 m i c a l  h a s  

beon shown t o  cross t h e  p l z c e n t a l  b a r r i e r  and i n c r e a s e  t h e  

i n c i d e n c e  of l e u k e m i a  i n  t h e  o f f s p r i n g  of p r e g n a n t  mice g i v e n  

d o s e s  of 8-lG mg of 3 , 3 ' - d i c h l o r o b e n z i 2 i n e  s t i b c u t a n e o u s l y  

d u r i n g  t h e  l a s t  week of p r e g n a n c y ,  b u t  t h e s e  r e s u l t s  may 

r e p r e s e n t  t o x  ic  e f f e c t s  on n e o n a t e s  t h r o u g h  s u c k l i n g  m i l k  

f rom dosed  m o t h e r s  ( G o l u b ,  e t  a l .  1 9 6 9 ,  1 9 7 4 ) .  A l t e r e d  

g rowth  and morphology o f  c u l t u r e d  k i d n e y  t i s s u e  o b t a i n e d  f rom 

p r e n a t a l l y  exposed  mouse embryos h a s  been o b s e r v e d  (Shabad  , 

e t  21. 1972;  Go lub ,  e t  a l .  1 9 6 9 ) .  
. 

- - -  - - -  - -  . .  - _  I . _ _  - .  
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D. T o x i c i t y  

An a c u t e  o r a l  LDSO for DCB i n  mice, g i v e n  -to 

mice f o r  s e v e n  c o n s e c u t i v e  d a y s  w a s  352  mg/kg/day for f e m a l e s  

and  386 mg/kg/day for males. 

w e r e  r e p o r t e d  as 488 and 676 mg/kg f o r  f e m a l e  and male mice, 

S i n g l e - d o s e  LDS0 v a l u e s  

r e s p e c t i v e l y .  

unspecif ied amounts  of 3 , 3  ' -d i c h l o r o b e n z  i d  i n e  f o r  1 4  d a y s  

showed no increased mortali t ies.  Upon autopsy s l i g h t  to  

moderate pulmonary  c o n g e s t i o n  and one pulmonary  abcess were ' 

o b s e r v e d .  

R a t s  exposed  t o  a t m o s p h e r i c  d u s t  c o n t a i n i n g  

V. AOUATIC TOXICITY 

The o n l y  a q u a t i c  species tested for the t o x i c  e f f e c t s  of 

3 , 3 ' - d i c h l o r o b e n z i d i n e  was t h e  b l u e g i l l ,  Lepomis m a c r o c h i r u s .  

IC was found to  be a c u t e l y  t o x i c  a t  c o n c e n t r a t i o n s  of 0.3 

mc/l or orea te r  ( S i k k a ,  e t  a l .  1978). 

V I .  EX1 STING GUI 9SLIN ES AND STANDARDS 

Neither t he  human h e a l L 5  n o r  a q u a t i c  c r i t e r i a  d e r i v e d  by 

U.S. EPA (19791, which  are summarized below have  gone t h r o u q n  

t h e  p r o c e s s  of  p u b l i c  r e v i e w ;  t h e r e f o r e ,  there is a p o s s i b i l -  

i t y  Ltat these c r i t e r i a  will be ckanged .  

A. Human 

The Amer ican  C o n f e r e n c e  o f  Governmen ta l  I n d u s t r i a l  

H y g i e n i s t s  h a s  recommended t h a t  e x p o s u r e  t o  3 , 3  '4 f c h l o r o b e n -  

z i d i n e  be r e d u c e d  t o  zero, b a s e d  on the d e m n s t r a t e d  c a r c i n o -  

g e n i c i t y  of t h e  c h e m i c a l  i n  e x p e r i m e n t a l  a n i m a l s .  Occupa- 

t i o n a l  s t a n d a r d s  have  n o t  been  p l a c e d  on 3 , 3  I-d i c h 1 o r o b e n t ~ -  

d i n e  and s t a n d a r d s  r e g u l a t i n g  l e v e l s  of t h e  chemical i n  t h e  

e n v i r o n m e n t  or i n  food have  n o t  been  p r o p o s e d .  

$ soos4s 
6. %-lo 
-- 



A recommended d r a f t  c r i t e r i o n  of 1 .69  x 10'2 pg/l  

h a s  been  e s t a b l i s h e d ,  c o r r e s p o n d i n g  to  a l i fe t ime c a n c e r  . r i s k  

o f  T h i s  v a l u e  was d e r i v e d  f rom d a t a  r e l a t i n g  3 , 3 ' -  

d i c h l o r o b e n z i d i n e  t o  t h e  d a i l y  consumpt ion  of t w o  l i t e r s  of 

water and 18 .7  g o f  f i s h  and s h e l l f i s h .  

B. A q u a t i c  

Data were i n s u f f i c i e n t  t o  d r a f t  c r i t e r i a  f o r  e i t h e r  

f r e s h w a t e r  or m a r i n e  l i f e .  

0 
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DISCLAIMER 

T h i s  r e p o r t  r e p r e s e n t s  a s u r v e y  of the  p o t e n t i a l  health 
and  e n v i r o n m e n t a l  hazards  from e x p o s u r e  t o  t h e  s u b j e c t  chemi-  
c a l .  The i n f o r m t i o n  c o n t a i n e d  i n  t h e  reDort is drawn c h i e f l y  
from s e c o n d a r y  s o u r c e s  and a v a i l a b l e  r e f e r a n c e  d o c m e n E s .  
Z e c a u s e  of t h e  l i m i t a t i o n s  of such s o u r c e s ,  t h i s  short p r o f i l e  may nor: r e f l e c t  ail a v a i l a b l e  info--'' L I I L a c ~ o n  i a c l u d r n g  a11 t h e  

a d v e r s e  h e a l t h  and e n v i r o n m e n t a l  i m p a c t s  ?resented by the 
s a b j e c t  chemical.  %is docgment  has unierqono scrutiny to  
e n s u r e  i t s  t e c h n i c a l  a c c u r a c y .  
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1,l-OICHLOROETHANE 

Summary 

There fs no available evidence t o  indicate that 1,l-dichloroethane pro- 

duces carcinogenic or  mutagenic effects. A single study i n  ra ts  failed to  

show teratogenic effects following inhalation exposure. 

S y m p t m  produced Sy human poisoning include respi,-atory tract  i r r i t a -  

t i o n ,  central nepous system depression, and marked cardiac excitation. An- 

bnal studies indicate that I, l-dichloroethane may producE liver damage. 

Sufficient toxicological data are not ' available to calculate aquatic 

exposure cri teria.  

. .  . 4 .  
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1,l-DICHLOROFTHANE 

I. INTRODUCTION 

This  p r s f i l e  i s  based on t h e  Ambient Water Q u a l i t y  Criteria Document 

for  Chlorinated Ethanes (U.S. EPA, 1979a). 

The chloroethanes a r e  hydrocarbons i n  which one o r  more of t h e  hyarcgerl 

atoms have been replaced by c h l o r i n e  atoms. Water s o l u b i l i t y  and vapor 

pressure decrease with inc reas ing  c h l o r i n a t i o n ,  while d e n s i t y  and melt ing 

point  increase.  1, l -o i ch io roe thane  ( e thy l idene  d i c h l o r i d e ;  e thy l idene  

ch lo r ide ;  molecular weight 98.96) is  a l i q u i d  a t  room temperature wi th  a 

b o i l i n g  po in t  of 57.3OC, a melt ing po in t  of -58OC, a s p e c i f i c  g r a v i t y  of 

1.1776, and a s o l u b i l i t y  i n  water o f  5 S / l i t e r  (U.S. E%, 1979a). 

The chloroethanes are  used a s  s o l v e n t s ,  c l ean ing  and des rzas inc  z~"nts, 

ana i n  the cnemicai symhesis of  a numoer of compounas. No commerciai pro- 

&~:izn ;f l , l - d i c n l ; x e t h a n e  has %en reDOited i n  tSe United Statzs (NiiXin, 

1963). i n  s c l v e n t s  1555). 

The chloroethanes are p resen t  i n  raw and f i n i s h e d  waters due p r imar i ly  

t o  i n d u s t r i a l  discharges.  Small amounts of t h e  chloroetnanes may be f o m e a  

by s h l x i n a t i o n  of dr inking water o r  t reatment  of  sewace. Air levels of 

thes2 v o l a t i l e  compoucds are produced by evaporat ion du i ing  use as de i r eas -  
. - .-._ . ing a6ents"and in- dry-cleaning- ope ra t ions  (U.S. E?A, L979a). - - -  
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Sources o f  human exposure t o  chloraethanes include water, a i r ,  contami- * a  
nated foods and f i s h ,  and dermal absoqxion .  Fish and s h e l l f i s h  have shown 

levels of chloroethanes in the nanogram range (Dickson and R i l ey ,  1976). 

No information on l e v e l s  of 1 , l -dichloroethane i n  foods was found in 

S u f f i c i e n t  data is not  a v a i l a b l e  t o  estimate a t h e  ava i lab le  l i t e r a t u r e .  

steady-state bioconcentration f a c t o r  f o r  1,l-dichloroethane. 

111. PHARMACOKINETICS 

Per t inent  data could not be l o c i t e d  ‘ i n  the a v a i l a b l e  l i t e r a t u r e  on 

1, l -d ich lomethane  for absorption, d i s t r i b u t i o n ,  metabol im and excretion. 

However, the  reader is referred t o  a more general  t reatment  of chloroethanes 

(U.S. €?A, 197%) which indicates rqlid absomt ion  of chloroethanes follow- 

ing oral or inha la t ion  exposure; widesoread d i s t r i b u t i o n  of t>e chlorceth- 

anes througnout the body; enzymatic dechlor inat ion and oxidat ion t o  the al- 

mho1 and ester forms; and excrst ion of me cnlomet3anes or imarl ly  i n  tt.e 

u r i n e  and i n  exoired a i r .  

Addicionaliy, it has Seen ina ica tza  thac  the absorp t i sn  of 1.1-dicnlcr- 

Zethane is most similar t o  t h a t  of t h e  1,2-isomer ( i n a i c a t i n g  s i ~ n i f l c a n t  

aermal aosomt ion  a s  well a s  rapid o r a l  o r  inna la t ion  acsoro t icn) .  

I V .  G’FEZTS 

I 

A. Carcitlcceriizity atld Mutagenicicy 

P e r t i n e n t  data could not be located i n  t h e  available literature. 

8. Teratogenici ty  

An inha la t ion  study i n  rats has indicated M major te ra togenic  ef- 

fects o f  1, l -dichloroethane (Sehwetr, e t  al. 1974). 

C. Other Reomductive Effects 

Inha la t ion  of 1, l-dichlaroethane by pregnant rats produced deiayed 

o s s i f i c a t i o n  of sternebrae i n  f e t u s e s ,  ind ica t ing  an effect of t h e  cmoound 

i n  re ta rd ing  fetal aevelcpment (Schwetz, e t  a l .  1970). 



0. Chronic Toxici ty  

Use o f  1, l-dichloroethane as an a n e s t h e t i c  was discont inued because 

of marked e x c i t a t i o n  o f  the  heart (Browning, 1965). Poisoning cases have 

shown r e s p i r a t o r y  

( U S .  S A ,  197Sal. 

ethane may pmduce 

tract  i r r i t a t i o n  and c e n t r a l  nervcus system depression 

Animal s t u a i e s  i n d i c a t e  t h a t  i n h a l a t i o n  of 1, l -d i cn lom-  

l iver damage (Sax, 1975). 

V. AQUATIC TOXICITY 

P e r t i n e n t  aqua t i c  t o x i c i t y  data could not be loca ted  i n  t h e  a v a i l a b l e  

l i t e r a t u r e .  

V I .  EXISTING GUIDELINES AND STANOARDS 

A.  Human 

The c u r r e n t  promulgated Occupational Safety and Health Administra- 

t i o n  exposure standard f o r  ? , l -dichlorcethane is 100 ppm, tiine-weighted 

average f ~ r  gp t o  a 1C-kcur :mrk c ! q ,  i2-hcu:r work *:reek. 

S u f f i c i e n t  cat: z r ?  not a v a i l a b i 9  t o  & r i v e  a c r i t e r i s ~  ~ C I  prokc:  

k m a n  h e s l t h  fmm exposure t o  l,l-6isnl?r?ethsne f r ~ m  s l l r i ~ r t  :veterr. 

9. Aquatic 

S u f f i c i e n t  t o x i c d c g i c  data a r e  not avsilzble t o  c a l c u l a t e  apari:: 

ex;cs~zz cr i ter iz .  

d 080854 
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DISCLAIHER 

T h i s  reeort r e p r e s e n t s  a s u r v e y  3f t h e  p o t e n t i a l  h e a l t h  
a n d  e n v i r o n m e n t a l  h a z a r d s  f r o m  exsosurt t o  t h e  s u b j e c t  chemi- 
c a l .  The i n f a m c t i o n  c s n t a i n e d  i n ’ t h e  r n p o r t  is drawn c n i e f l y  
f rom s e c o n d a r y  s o u r c e s  a n d  a v a i l a b l t  r e f e r e n c e  documen t s .  
B e c a u s e  of t h e  l i m i t a t i o n s  of s u c h  soufces, t h i s  s h o r t  p r o f i l e  
may n o t  r e f l e c t  a l l  a v a i l a b l e  in fanac t ion  i n c l u d i n g  a l l  t h e  
a d v e r s e  heal55 and e n v i r o n m e n t a l  imrzcts p r e s e n t e d  by t h e  
s u b j e c t  c h e m i c a l .  T h i s  document  has  u n d e r g o n e  s c r u t i n y  t3 
e n s u r e  i t s  t e c h n i c 2 1  ac?.Lracy. 
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SPECIAL NOTATION 

U . S .  E o A ' s  C a r c i n o g e n  Assessrnent  Group (CAG)  has e v a l u a t e d  

1 , 2 - d i c h l o r o e t h a n e  and  has found  s u f f i c i e n t  e v i d e n c e  t o  

i n d i c a t e  t h a t  t h i s  compound is c a r c i n o g e n i c .  

. 
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1 , 2 4  IC:-ROROETHANE 

Summary 

Resu l t s  o f  an NCI carcinogenesis  bioassay in rats 2nd mico have shwn 

that 1,Z-dichloroethane may produce a w i d e  v a r i e t y  of tumors, including 

squamous cel l  carcinomas, hemangiosarcomas, mammary adenocarcincmas, and 

hepa toce l lu l a r  carcinomas. Wtagen ic  effects have been shown i n  the Ames 

Salmonella system and i n  5. coli; metabo l i t e s  o f  1,2-dichloroethane have _. 

also shown mutagenic effects i n  the Ames assay. .. 
One study has failed t o  indicate t e ra togen ic  effects following inhala-  

t i o n  exoosure t o  1 ,2-dichloroethane although reproductive t c x i r i t y  was 

aemonstrated. Chronic kunan exposuze t o  1,2-dic!loroechane has pxcticed 

neurological  symptoms and liver and kidney damage. ?oisoning victims have 

. .  - w- 
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1 ,241CHLOROETHANE 

I. INTRODUCTION 

T h i s  p r o f i l e  i s  based on the d r a f t  Ambient Water q u a l i t y  Criteria OGCU- 

ment f o r  Ch lo r ina t ed  Ethanes (U.S. €PA, 1979a). 

The ch lo roe thanes  are hydrocarbons i n  w h i m  one o r  more o f  t h e  hydrogen 

atoms o f  e thane  are replaced by c h l o r i n e  atcms. Waxer s o l u b i l i t y  and vaoor 

p r e s s u r e  decrease w i t h  i n c r e a s i n g  c h l o r i n a t i o n ,  m i l e  d e n s i t y  and me l t ing  

p o i n t  i n c r e a s e .  1 ,2-Eienloroe thane  (molecular  weight 98.96) is  a l i q u i d  a t  

room temperawre wi th  a b o i l i n g  p o i n t  o f  83.4OC, a me l t ing  p o i n t  o f  

-. 

-35.4OC, a specific g r a v i t y  of  1.253, and a s o l u b i l i t y  o f  8.1 g / l  i n  water 

(U.S. €PA, 1979a). 
-. 
I ne c n i o r c e t h s n e s  ai2 used 8s s o l v e n t s ,  c i e a n i n g  ana t iegreasing a g e n t s ,  

The reader is  referred t o  t h e  Ch lo r ina t ed  Ethanes Hazard P r o f i l e  f o r  a 

a o r e  g e n e r a l  d i s c u s s i o n  of c h l o r i n a t e d  e t h a n e s  (U.S. S A ,  1979b). 

11. EXPOSURE 

The ch lo roe thanes  o r e s e n t  i n  raw and f i n i s h e d  wa te r s  2re 5ue primarily 

Small a n c m t s  o f  the c3 lo roe thanes  may .be. f o m e o  t o  i n d u s t r i a l  dischaqes.  



Sy c h l o r i n a t i o n  of dr inking water c r  t r e a t n e n t  of sewage. Of e0 water 

samples tested, 27 contained I, 2 4 i c h l o r o e t h a n e  a t  concontrat icns  o f  0.2  t o  

apg/l (U.S. F A ,  1974). 

Sources of  human exposuic t o  chloroethanes not only include water, but  

FOi zxmpie ,  

. 1,2-dichloroethane has been detected i n  11 o f  17 spices i n  concentrat ions 

ranging fmm 2 t o  23 Dg/g o f  s p i c e  (Page and Kennedy, 1975). In f i s h  and 

s h e l l f i s h ,  l e v e l s  of chloroethanes i n  ttre nanogram range have beon ieund 

(Oickson and R i l e y ,  1976). 

also air, c n t m i n a t o d  foods and f i s h ,  and d e n a l  aosoq2tion. 

The U.S. E?A (1979a) has estimated the  weighted average bioconcen- 

t r a t i o n  f a c t o r  f o r  1 , 2 4 i c h l o r o e t h a n e  t o  be h.6 f o r  tire edible port ions cf 

f i s h  and s h e l l f i s h  ccnsumed by Americans. TSis estimate was 32sed on t n e  

measured s teady-state  bioconcentration studies i n  b l u e g i l l s .  
- - -  
I L L .  ?HAWACtK INETI5  . 

A. Absorgcion 

The cnlzreethanes ai2 azsu^rSecl rEcid ly  follawing o i a l  5 ;  innalatizn 

r t u t e s  O? excosure (U.S. S A ,  1F79a). himal  s t u d i e s  indica12 tnst siszif-  

i c a n t  absorpt ion or’ 1,2-dichloroet!7ane may occur fz1lowir.c dermal a c c l i -  

c a t i o n  (Smyth, e t  a l .  195s). 
c U. ~iSt,ijutiGn 

P e r t i n e n t  i n f o m a t i o n  could not  be locaced i n  the  ava i lao le  l i t e r a -  

ture on 1,24ich loroe thane .  The reader is ieferied t o  more General t r e a t -  

ment o f  t h e  chloroerhanes (U.S. F A ,  197%) whicfi i n d i c a t e s  a widespread 

d i s t r i b u t i o n  o f  chlomethanes through the body. 

70-6 00086% 
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C. Metabolism 

I n  general, the metabolism o f  chloroethanes invclves both enzymatic 

. ,. . . .I 

I 

dechlorination and hydroxylation to  corresponding alconcls !L).S. EPA, 

1979a). Yetabolism o f  1,Z-dichloroethane produces a varietv of  metabolites 

i n  the urine. The main two are: s-carboxymethylcysteine and thiooiacetic 

.. I . . .. 

acid ' (Yllner, 1971a,b,c,d). Yllner (1971a,b,c,d) also' .stated that  t h e  

percentage of 1, Z-dichloroethane metabolized decreased w i t h  ' increasing 

dose, suggesting saturation of metabolic pathways. 

0. Excretion 

The chloroethanes ar? excreted pr imari ly- in  the urine and i n  ex- 

oired a i r  (U.S. €PA,  1979a). Animal studies conauctkd by Yllner (1971a,b, 

2 , d )  indicat t  t ha t  large mounts or' c n l o r i n a t d  ethanes acministered by i .o. 

i;,;eczitn are exz;zt& i n  t% urine, ~ i t h  very Littla txcietion i n  the 

fesos. ExcrC-lon' 2pgezrs ts he xzi:, slncz ?5 -=i--=InL e----. . -  2" ac l.;. =,",alr;is- 

,=,,J .30Sl .:= 1,S-.:ic?,l::ta'-aE ;.iz.f s-Lx:sc?i - 0 ,  _ . . -  ,--a- L- :.be-> (U.-. 

:?A, 1?7?a!. 

:-, A'-= =:-e& -: '--I,?- ( I '  ; . .  . . 
L - 
- 

IV. EFFECTS 

&. CareicoGenlcity 

Results of the NCI bioassay f o r  carzincqonirit:/ { N C I ,  1?79) have 
, .  i-fir2t-d ~ , 2 - . f - ~ ~ s r ~ ~ t h a ~ ~  ~.:-:.-,:~~-~<:~n --,,czz 3r. :-,f:ZE:z in 

several types 0 f tumors. Squamous c e l l  csrei:cmss 3 x 1  nenangiosarcomas ,t/ez? 

produced i n  male ra t s ,  and mammary adenocarcinomas I n  female r a t s ,  followins 

feeding o f  i, 2dicPiioroetnane. In mice, he~atoce l lu ia r  carcinomas i n  males 

and mamnary adenocarcinomas i n  females were b o t h  increasea a f t 5  ora l  tyeat- 

ment wi th  1,2-dichloroethane. 

, .  

, 

- -  - .  . .- ..  ._.  . .  .. - . 



a. Mutagenicity 

Testi .7 of I, Z-dichloroethane i n  t h e  Ames -Salrionella assay and an 

- -  E. cz l i  assay system have i n d i c a t e d  mutagenic ac t iv i ty  of t h i s  comoouna 

(9ro,m, e t  a l .  197a). Metabolites of 1 ,2-d ich loroe thane  (S-chloroechyl 

c y s t e i n e ,  cn loroe thanol ,  and chlomaceta ldehyde)  have shown p o s i t i v e  muta- 

gen ic  effects i n  t h e  Psnes system (U.S. €PA, 1979a). 1 , 2 4 i c 5 l o r o e t h a n e  has 

also been reported to  1 n c E a s e  mutation f requencies  i n  pea p l a n t s  

(Kizicheck, 1974) and Orosoohila (Nylander, e t  a l .  1978). 

C. Tera togenic i ty  .. 
Inha la t ion  studies wi th  1 ,2-d ich loroe thane  i n .  pregnant rats d i d  no t  

i n d i c a t e  tezatoGenic effects (Vozovaya, 1971). 

0. Other Reproductive ETfects 

Rats exposed t o  1 ,24 ich lo roe t ' l ane  by i n h a l a t i o n  showed reduced 

l i t t i r  sizes, &creased l i ~ e  S i i t h s ,  and tecrsrses f a t a l  :vzishts ( ' ;szwayz, 

c =. Chronic Toxicity 

P a t i e n t s  s u f f e r i n g  from 1 , 2 4 i c h l  xce th isne  poisoning have snown 

d i f f u s e  dys t roph ic  cnanges i n  the b r a i n  and soizal c a r 3  (Akinov, ?C a f .  

1973). Chronic exposures have proauced neuro logic  changes and l iver  ana 

klaney impaizzent (NICSH, 197%). 

Animal s t u d i e s  wi th  1 , 2 4 i c h l o r o e t h a n e  t o x i c i t y  have mown l iver 

and kidney damage and f a t t y  i n f i l t r a t i o n ,  and some bone marmw effects (U.S. 

F A ,  197%). 

F. Acute Toxic i ty  

Oral hunan IDLa ( lowes t  dose which has caused death) va lues  have 

Seen estimated a t  500 and 810 mg/kg i n  two s t u a i e s  (NIOSH, 1978b). Other 

species show a similar s e n s i t i v i t y  t o  l ,Z-di*loroethane, excepc for the 

-* 
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rat .  An value f o r  t h i s  s p e c i e s  has been estimated t o  be 12 pg/kg 

(NIOSH, 1978b) . 
. V. AQUATIC TOXICITY 

A. Acute Toxici ty  

Acute 96-hour s t a t i c  LC50 values  ranged fiom 4 3 l , O C O  t o  550,XC 

p g / l  f o r  t h e  b l u e g i l l  (Leoomis macroch ims) ,  whi le  a s i n g l e  48- hour s t a t i c  

LC50 value of 218,000 p g / l  was obtained f o r  t h e  f resnwater  c l a o o c e r a n '  

Oaohnia mama (U.S. S A ,  1978).  A s i n g l e  acu te  marine i n v e r t e b r z t e  s tudy , _, 

was a v a i l a b l e ,  r epor t ing  a 96-hour s ta t ic  LC$ value of 113,000 pg/l f o r  

the  mysid shrimp (Mvsidoosis bah ia )  (U.S. F A ,  1978). 

a. Chronic Toxici ty  znd Plan t  E f f e x s  

P e r t i n e n t  i n f o n a t i o n  cculd not  be loca ted  i n  the avaiiabie l i tera- 

t u r e  on chronic  t o x i c i t y  and p l a n t  effects. 

Neit?!er t h e  h u m  h e a i t h  nor t h e  a q u a t i c  c r i t t r i a  der ive0 by U.S. f?A 

i i 9 7 9 a ) ,  wnicn a r e  summarized belcw, have gone throush t3e prccess of puo l i c  

review; thezefore, tnere i s  a p o s s i z i l i q  tnac ;nose c r i c e r l a  w 1 - i  be 

changed. 

- 7  

A.  Human 

Based on t h e  NCI carcinogenesis  bioassay data,  and using a l i n e a r ,  

nonthreshold model, the U.S. €PA (1979a) has' est imated a l e v e l  of  

1,2-dichloroethane i n  amoient water t h a t  w i l l  r e s u l t  i n  an a d d i t i o n a l  cancs r  

risk of  
* 

t o  be 7 pg/1. 
- -  . _  - -  - _ -  ~- - -  . .  - - . - _  



I 

The &hour TWA exposure standard 

1,2-dic9locethul.z is 50 x m .  

9. Aquatic 

developed by O M  f o r  

I n  frshwater environment a cri,terion has been drafted for 

1,24ichloroetnane as 3,900 pg/l as  a 24-hour average, not t o  exceed 88'20 

wg/ l .  For marine l i f e ,  the cri terion has been drafted as.880 ug/l ,  ,not t o  

exceed 2000 pg/1. 

. 

-. . 
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DISCLAIMER 

This r e p o r t  r e p r e s e n t s  a s u r v s y  of t h e  p o t e n t i a l  h e a l t h  
and e n v i r o n m e n t a l  h a z a r d s  from e x p o s u r e  t o  t h e  s u b j e c t  chemi- 
c a l .  The i n f o m a t i o n  c o n t z i n e d  i n  t h e  z e p o r t . i s  drawn c h i e f i y  
f r o m  s e c o n d a r y  s o u r c e s  and a v a i l a b l e  r e f e r e n c e  d o c m e n t s  . 
3 e c a u s e  of t h e  l i m i t a t i o n s  of s u c h  sources, this shor t  p r o f i l e  
may n o t  r e f l e c t  a l l  a v a i l a b l e  i n f o r m a t i o n  i n c l u d i n g  a l l  t h e  
a d v e r s e  h e a l t h  and e n v i r a r n e n t a l  impacts ? r e s e n t e d  by t h e  
s u b j e c t  chemiczl. This document has undergone  ' s c r u t i n y  =o 
snsuze i t s  t e c h n i c a l  a c c u r a c y .  
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1,1-OIC!iLCROETHYLENE 

Summary . 

Ambient levels of 1,l-dichloroethylene have not been cettrmined. The 

primary effpct of acute and chronic ccuoat icnal  exoosure t o  '1, l-iichlcro- 

ethylene is depressicn of t5e central nervous system. In  experimental ani- 

mals, both l iver  and kidney damage have been' noted a f t e r  exoosure, regard- 

less  of tne route o f  administraticn. 1,l-Oichloroethylane has Seen shown kc 

be a mutzgen i n  bacterial systems and a carcinosen i n  mice. 60 th  kidney 

adenocarcinomas and mammary adenocarcinomas were 'produced af te r  exposure t o  

1, l-dichloraetnylene by inhalation. No teratogenic effects have. been ,ob- 

-- 
73,XO t o  lG8, GOO pg/l 1, l-dichlorcethylone. Repcrted &&hour CL vaides 50 

- -  
- I  I 

-- 
3 3  I 

716, GCG pg/1. 

, 



I. INTRODUCTION 

This p r o f i l e  i s  based on t h e  Ambient Water Q u a l i t y  C r l t o r i a  Document 

f o r  Dic!!lomethylenes (U.S. S A ,  i979a).  

1, l-Oichloroethylene (C$I2Cl2; molecular weight 96.95) i s  a clear 

c o l o r l e s s  l i q u i d  used as a chemical intermediate  i n  the synthes is  of methyl- 

chloroform and in t h e  production of polyvinylidene ch lor ide  ccpolymers 

(PKlls).  Pr ior  t o  1976, annual production of l , l 4 i c 9 l o r o e t h y l e n e  was a- 
proximately 120,000 metric tons (Arthur 0. L i t t l e ,  Inc., 1976). 1,lai- 

chlomethylene  has the following phys ica l /chmica l  prcperties : water solu- 

b i l i t y  of  2,500 pg/ml, vaoor oressure  591 mm Hg, and a melting poin t  o f  

-i22.loc. i o r  more generai  iniornition regasaing tze oichloroethyienzs,  

t!x p,ad~t is r e f z r r x !  t3  t ! e  E P A E C A O  Hazard P r o f i l e  on Diz?lx3etSylenes 

(U.S. EPA, 197%). 

I,. BrnSuE -- 
A. Wacor 

I 

The National Organic Monitoring Survey (U.S. F 9 ,  1972a) recoFx5 

c e t e c t i n g  1 , l-dichlorc?et.hylene i n  f in i shed  drinking waters ; :owever, neiz:er 

:fie amount nor t h e  occurzence was quant i f ied .  

9. Focd 

Per t inent  d a t a  could not be located i n  the  a v a i l a b l e  l i c e r a t c r e  an 

the inges t ion  of l , l -d iG! lomethylene  i n  foods. The U.S. S A  (1979a) has 

estimated the  weighted bioconcentration f a c t o r  f o r  l , l -a icnloroethylene t o  

be 6.9 f o r  the edible port ions of  f i s h  and s h e l l f i s h  cmsmed by Americans. 

This  estimate was Sased on t h e  octanol/water p a r t i t i o n  c o e f f i c i e n t  of 1,l- 

dichloiaethylene.  . 

. _  . . I .  . .  I 



C. I n h a l a t i o n  

The popu la t ion  a t  risk due t o  v i n y l i d e n e  c h l o r i d e  exoosure i s  ccm- 

posed primarily o f  workers i n  i n d u s t r i a l  o r  commercial o p e r a t i o n s  manufac- 

t u r i n g  or  us ing  it. Airborne emiss ions  of  v i n y l i d e n e  c h l o r i d e  a r e  no t  like- 

l y  t c  pcse a s i ~ n i i i z s n t  risk t o  the genera: popu la t ion .  Emissions d u i i q  

product ion ,  s t o r a g e ,  and t r a n s p o r t  can be c o n t r o l l e d  by methods similar t o  

those  planned f o r  c o n t r o l  of viny 1 c h l o r i a e  ( Hushon and Kornre ich ,  1978). 

I 11. PHARMACOKINETICS 

A. Absorpt ion 

S p e c i f i c  d a t a  c n  t h e  a b s o r p t i o n  o f  d i c 5 l o r o e t h y l e n e s  are unavai l -  

aXe.  Hdvever, a r ecen t  s tudy  by McKenna, er: a l .  (1578b) s u g g e s t s  t n a t  i n  
,-e -as rncst, if n c t  a l l ,  o f  t h e  a t s l l y  a d x i n i s t i r z d  dcsc i s  absorkez a t  ;:./o 

dose l e v e l s :  1 and 50 mg/kg. 
- 
o .  D i s r r i a u c l m  

,:.i;z=ii~rnes and nikxnoncizis. ;;aeger, e t  a i .  1477). . -. inere is a i s 0  scme asso- 

c i z t i o n  w i t h  t h e  l i p i d  f r a c t i o n .  

C. Metabolism 

In  t h e  i n t a c t  animal ,  a l a r g e  p o r t i o n  o f  t h e  systemically absorbed 

1, l - d i c h l o m e t h y l e n e  is m e t a b o l i c a l l y  conve r t ed ,  with 36 p e r c e n t  appear ing  

i n  t h e  u r i n e  of  rats w i t h i n  26 hours  ( J a e g e r ,  e t  a i .  1977). The e s s e n t i a l  
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f e a t u r a  o f  1, l-dichloroethylene metabolism i s  t h e  presence of epoxide i n t e r -  

mediates, which are reactive and may form covalent  bonds w i t h - t i s s u e  macro- 

molecules (Hensc5ler, 1977) . In rats and mice, covalent ly  bound metabol i tes  

a= found i n  the  kidney and liver (McKenna, e t  a l .  197eb). I n t e r a c t i o n  of 

1,l- dichloroethylene with the microsomal mixed funct ion oxidase system is ._ 

not  clear, s i n c e  both i n h i b i t o r s  (d i th ioca rbmate ) . ' and  inducers  ( phenoba'bi- 

t a l )  decreased the t o x i c  effects of  the  compound (Anderson and J e n k i n s , .  

1977; Reynolds, e t  al. 1975; Jenkins ,  e t  a l .  1972). However, Carfson and 

F u l l e r  (1972) reported increased mor ta l i t y  from 1 , l -d i ch lo roe thy lme  i n  rats 

following phenobarbital  pretreatment.  There is evidence tha t  the 1, l-di- 

chloruethy l ene  me tabo l i t e s  are conjugated w i t h  g lu t a tb ione ,  which p r a a n a b l y  

s z p r s e n t s  a d e t o x i f i c a t i o n  step (Mc'l<ema, e t  a l .  1979a). 

0. Excretion 

I t  i s  specu1atE.d tha t  l , l - a i s n i o m e t h y l e n e  nas a raOi9 r a t e  or' 

a l 3 i z a t i c n ,  s i x =  a s c c s t a n t l a l  frzctisn or' t3e tot-l-l aosoroec cccz nay 9e 

recovered i n  t h e  u r i n e  within 26 t o  72 hours (JaeSer ,  e t  a l .  1377$ McKenna; 

e t  a l .  1978a). Also, disaopearanco of covalent ly  bonded me tabs l i t a s  of  L,l- 

dichloroethvlene (measured as TCA-insoluble f r a c t i o n s )  mpears t o  ' be fa i r iy  

r ap id ,  witti a.  reported half-l ife of 2 t3 3 hours ( J a e s e r ,  et a l .  1977). 

I V .  EFFEeTS 

A .  Carcinogenicity 

I, l -Oichloroethy lene has been shown t o  produce kidney adenocarci- 

nomas i n  male mice and manrmary adenocarcinomas i n  female mice upon innala- 

t i o n  of  100 mg/m3 (Maitoni,  1977; Maltoni, e t  aL. 1977). In similar ex- 
3 periments wi th  Sprague-Oawley rats exposed up t o  800 mg/m , no. s i g n i f i c a n t  

i nc rease  i n  tumor incidenca was, noted. Also, hamsters exposed t3 h e  same 
e 



conditions as  the mice failed t o  exhibit an increased tumcr incidence (Mal- 

t o n i ,  e t  a l .  1977). In ra t s  exposed ts 1,l-dichloioethylene -in their  Cr ink -  

ing  water (200 mg/l) ,  there was no evidence o f  increased tumors (Rmpy, e t  

a l .  1977). . There was an increased incidence of mammary ttimors i n  ra t s  ~ 2 -  

ceiving 20 mg of 1,l-dichioroethylene by gavage I to  5 days a week f o r  52 

weeks. The incidence was 42 percent i n  the treated animals and 3 I  percenr: 

i n  the controls; however, the data was n o t  analyzed s t a t i s t i c a l l y  (Maltmi, 

e t  a l .  1977). 

8.  Mutagenicity 

1,l-Dichioroethylene has been shown t o  be mutagenic i n  S. tvpninu-  

- rim (9artsch, e t  a i .  1975) and E. c31i K12 (Gre*,, e t  a l .  1975). In  both 

systems, mutaaenic activity recuirea microsanal accivacion. In rnainmaiian 

systems, 1,l-dichloroethylene . was cegative i n  the taninant le thal  assay 
. n-7\ (Smrt, 2t 21. 197nh; h ? Z r s . ? ? ,  P t  31. 111 I ; .  

C. Tzrstzgenicity 

A s tudy  by M11i.r2r\j, e t  21. !1?79! f ~ i l e d  t,o' s k : r -  rdratsgeniz 3 2 -  - .  . .  

fects i n  ra t s  o r  r a b b i t s  inhaling concentrations z f  UF; t o  15C ppm 1,ldi- 

chloroethylene for 7 hcurs per day or i n  ra t s  ~ i v e n  d r i n k i n g  :rater cmtaiy- 

i n 5  2CO F F ; ~  1, L-dichloroethyiene. 

0. Othor Reproductive Effects 

Pertinent data could not be located i n  the avaiiaole l i teraure.  

E. Chronic Toxicity 

In  animal studies, liver damage is associated wi th  exposure, e i ther  

i n  the a i r  or  water, t o  1,l-dichloroethylene ( 6  pg/m3 or 0.79 pg/ l )  wi th  

transitory damage appearing as vacuolization i n  l iver  ce l l s .  In  both guinea 

P i g s  and monkeys, continuous exposure t o  l,l-dichloroet3yiene produced i n -  
. ~ ._ - . -  ..- ~ - ~ 

creased mortality, while intermittent exposure - t o  the same- cmcentration - i n  - 



air produced no inczease i n  mort: t y  ( S.. €?A, 1979a). Less attenticn has 

ceen paid to  the renal toxicity of 1, l-dichloroethylene despite the CCC’JZ- 

zncs  of histologically dmonstrated dmege a t  exposures equa l  t o  o r  less 

than those requiied for hepatotoxicity (Predergast, e t  a l .  1967; Shor t ,  zc 

al .  1977a). 

F. Other Relevant Information 

Alterations i n  t issue glutathione concsntrations affect  t h e  hepato- 

toxicity o f  l,l-dichloroethylene, wi th  decreased t issue glutathione asso- 

ciated with greater toxicity and elevated glutathione associated with de- 

creased toxicity (Jaeger, et a l .  1973,1977). 

V. AQUATIC TOXICITY 

A. Acute Toxicity 

D i l l ,  e t  a l .  calcdated,  for the fathead minnow, Pimeohales ?iz:ms- 

135, 96-hcur K-- >U valses of 159,000 ,ug/1 using s t a t i c  fichnic.23 acd 

LCS, CC;) pg/l u s i n s  f l o w - t 3 i x @  tests  w i t h  x!asuI% c3ncentiatkZs. %e E- 

gorted 96-hour LCz0 vaL*Je f c r  the b l u e g i l l ,  L O E T ~ S  !nacrcchilnr, I5 7?,F% 

pg/l i n  a s t a t i c  tes t  (U.S. F A ,  1978b). Two 88-hqur t e s t s  wi th  Dack-i2 

mzcna ,resulted i n  EC5* values of 11,600 and 79,000 pg/l ,  iispectivolv 

( X 2 ,  e’: a l . ;  U.S. EPR, 1978b). J>e 96hour  LC50 v d i ~ e s  fsr t3e r?teeps- 

heaa minnow, Cvdrincoon varleaatus, and the ticewater s i lvers ice ,  % n i d i 3  

bervllina, are 249,000 and 250,000 pg/1, respectively (U.S. €PA, 1978b; Oaw- 

son, e t  a l .  1977). The 96-hour LC= for t h e  mysid shrimp, Mvsidoosis 

- Sahia, is reported to be 224,000 pg/l (U.S. E P A ,  1978b). 

8. Chronic Toxicity 

An embryo-larval t e s t  with t h e  fathead minnow resulted i n  no aa- 

verse effects  occurring a t  2,800 jJg/l, the highest  t e s t  concentration (U.S. 
. 

-. 

E?A, 1976b). 

7/@ 8‘ 



C. P l a n t  Effects 

The 96-hour EC50 va lue  based on c e l l  numbers of  the freshwatsr 

a l g a ,  Selenastrum caoricornutum, is  repor t ed  t o  be g r e a t e r  t han  798,000 ,ug/l 

(U.S. €PA,. 1978b). The effective c o n c e n t r a t i o n  o f  1, 1-d ich loroerhylene  on 

the saltwater a l g a ,  Skeletonecna ccs tb tum,  was observed t o  be 7 i 2 , C C O  pg/1 

(U.S. EPA, 1978b) .  

0. Residues 

P e r t i n e n t  data could  no t  Se l c c a t e d  i n  t h e  a v a i l a b l e  l i t e r a t u r e .  -. 
V I .  E X I S T I N G  G U I D E L I N E S  AND STANDARDS .. 

A.  Human 

The American Conference o f  Governmental I n a u s t r i a l  Hyg ien i s t s  
.e / .n nc-Tp J- ,, 1977) L9resholS linnit va lue  (TL\/) IC: l , l - d i c n l o r c e t b y l e n e  i s  46 

7 . 
ng/m', w i th  c a l c u l a t e d  d a i l y  exoosure  limits of 286 mg/day . 1, l -Dichloro-  

eznylene  is wsaecred o f  ?z inc  a k a a n  csrsinqen; a n t  cs ing the "zne-hit ' l  

5xcosclre Assumotions 
(7er  cay)  

i i i s k  Loveis with C o r x s o o c a i c a  Dr=_fC_ 

1c-6 - 10-5 - 10-7 - 

Ccnsumption of  f i s h  and 0.21 JJg/l  2.1 rJg/1 21 N t y l  
s h e l l f i s h  only .  

9. Aquat ic  

For 1 , l -d i ch lo roe thy lene ,  t h e  draf ted c r i k e r i o n  t o  p r o t e c t  fresh- 

water a q u a t i c  l i f e  is 530 pg/1  as a 21-hour average ,  no t  t o  exceeG 1,230 

pg/l a t  any time. No s a l t w a t e r  c r i t e r i o n  h a s  been proposed because o f  i n -  

_- -~ ~- - - - s u f f i c i e n t  data.- ~ _ -  
- .  
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DISCLAIMER 

T h i s  r e p o r t  r e p r e s e n t s  a s u r v e y  3f t h e  F o t e n t i a l  h e a l t h  
and  e n v i r o n m e n t a l  h a z a r d s  from exgosure t o  t h e  s u b j e c t  c h e n i -  
c a l .  T h e  i n f o r a a t i o n  c o n t a i n e d  L!I t h e  r e p o r t  is drawn c h i e f l y  
from s e c o n d a r y  s o u r c e s  and a v a i l a b l e  r e f e r e n c e  Z s c m e n t s  . 
Because  of t h e  l i m i t a t i o n s  of s u c h  s o u r c ~ s ,  t h i s  s h o r t  p r o f i l e  
nay n o t  r e f l e c t  a l l  a v a i l a b l e  i n f o m a t i o n  including a l l  t h e  
a d v e r s e  h e a l t h  and env i rDnmenta1  im;:etts ? r e s e n t e d  by t h e  

e n s u r e  i t s  t e c h n i c a l  acz-'-lracy. 

s 3 5 j e c t  che rn ica l .  P i s  document  has  m d e r g o n e  s c r u t r n y  t o  
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TRANS-l,2-DICHLORETHYLENE 

SUMMARY 

There is little specific information available on trans- 

1,2-dichloroethylene. This compound is quantitatively less 

toxic than the 1,l-dichloroethylene - -  isomer; however, the 

toxicity appears qualitatively the same with depression 

of the central nervous system as well as liver and kidney 

damage. Trans-1,2-dichloroethylene has been shown to be 

a mutagen in bacterial systems. The teratogenicity and 

carcinogenicity of this compound have not been evaluated. 

In the only aquatic study reported, the observed 96- 

h o u r  LCjo value for the bluegill is 135,000 ,q/l in a static 

bioassay. 

7i3-3 * 



I. INTRODUCTION 

This profile is based on the Ambient Water Quality 

Criteria Document for Dichloroethylenes (U.S. EPA, 1979). 

Trans-1,2-dichloroethylene (tzaans 1,2-DCE; C2H2C12; 

molecular weight 96.95) is a 'clear colorless liquid. Since 

the early 1968's trans-1,2-dichloroethylene has had no wide 

industrial usage (Patty, 1963) . Trans-l,2-dichloroethylene 
has the following physical/chemical properties: wa ter 

solubility of 6,300 pg/ml, a vapor pressure of 324 mm Hg, 

an2 a zieltin-; 7oint of -50°C (Patty, - 1953). 

11. EXPOSURE 

A .  Water 

Trans-L,2-dichioroetnyiene was found at a cozcen- 

B. Food 

Pertinent data c o u l d  not  be locaczd  in t h e  avail- 

able literature on the ingestion of t r a n s - 1 , 2 - d i c h l o r o e t h y l 2 n e  

centration factor for trans-1,2-dichloroethylene. 

C. Inhalation 

t5e available literature. 

, 

I -  
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111. PHARMACOKINETICS 

A. Absorption 

Animal or human studies do not appear to exist 

which specifically document the degree of systonic absor?- 

tion of trans-1,2-dichloroethylene by.any route. 

B. Distribution 

Pertinent data could not be located-in the avail- 
able literature. - I  

C. Metabolism 

Trans-1,2-dichloroethylene is metabolized through 

an opoxide internediate tg eit.k.er 2 drcklor=acetal2ehgde 

or monochloroacetic acid (Liebman and Ortiz, 1977). The 

epoxide intermediate which is reactive, may forn covalent 
bonds w i t h  tissue macromolecules (Henscnler, 1'3771. '  :4eca- 

aoiisrn of the cis-isomer relative to t b o  m o u n t  taken up 

by che liver was auch greater cnan =ne trms-rsomez :.cicXcnr.a, 

ec al. 1977). 
- 
LI. Zxcretion 

Pertinent data could not be located in the avail- 

able literature. 

IV. EFFECTS 

A.  Carcinogenicity 

Pertinent data could not be located in the avail- 

able literature. 

B. Nutagenicity * 

Trans-l,2-aichloroethylene has been shown to be 

negative in the - -  E. coli K12 and Salmonella mtagenicity 

assays (Greim, et al. 1975; Cerna and Kypenova, 1977). 

a- 

m 
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C. Teratogenicity and Other Reproductive Effects 

Pertinent information could not be located in 

the available literature. 

D. Chronic Toxicity 

Although little data is available specifically 

on trans-1,2-dichloroethylener it appears that chronic expo- 

sure results in kidney and liver damage similar to that 

noted with 1,l-dichloroethylene (U.S. EPA, 1979). Jenkins, 

et al. (1972) found trans-1,2-dichloroethylene to be consider- 

ably less potent than 1,l-dichloroethylene. 

T,'. AQUATIC TOXICITY 

A. Acute Toxicity 

The reportec! 96-hour LC50 valze for t5e bluesill, 

Lspomis macrochirus, exposed to l12-dichloroethylene is 

135,000 ug/l (3.S. EP.4, 1979) in a static t2st I sroceds;=e. 

B. Chronic Toxicity, Plant Etfects and Residues 

Pertinent information could not S e  located in 

the availabie literaiure. 

VI. EXISTING GUIDELINES AND STANDARDS 

A .  Human 

The American Conference of Governnental Industrial 

Eygienists (ACGIH, 1977) th:eshold limit value (TLV) for 
3 1,2-aichloroethylene is 790 mg/m , with calculated daily 

ex;osare lirnits or' 5,643 mgjday. The L . S .  EPA (1979) draft 

Water Quality Criteria Document for Dichloroethylene stafes 

t h a t  human health criterion could not be derived due to 

the laCK of sufficient data on which to base a criterion. 
_ _ - _  ~ 
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B.  Aquatic 

G u i d e l i n e s  bo n o t  e x i s t  for s a l t  water s p e c i e s .  

because of  i n s u f f i c i e n t  d a t a .  The d r a f t  c r i t e r i o n  to pro- 

tect  freshwater a q u a t i c  l i f e  is 530 p g / l  as  a 24-hour aver-  

age and n o t  to exceed 1200 pg/l a t  any t i m e  (U.S. EPA, 1 9 7 9 ) .  

- .  
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ca l .  The i n f o r m a t i o n  c o n t a i n e d  i n  t h e  repor t  is drawn c h i e f l y  
from s e c o n d a r y  sources and a v a i l a b l e  r e f e r e n c e  daccz :ez ts .  
a e c a u s e  of  t h e  linitations of s u c h  s o u r c e s ,  t h i s  s h o r t  p r o f i l e  
may n o t  r e f l e c t  a l l  a v a i l a b l e  i n f o r m a t i o n  i n c l u d i n g  a l l  t h e  
a d v e r s e  h e a l t h  and e n v i r o n m e n t e l  impacts p r e s e n t e d  by t h e  
sub jec t  chemical.  T h i s  document  h a s  unde rgone  s c r u t i n y  to 
e n s a r e  I t s  t e c h n i c e l  a c c u r a c y .  

. . ~ .  - - .  .. . -  -. - . - -  - . . . .. . . . . ~  . *-.. .- - - .  . . I .  .. ~. . - -  . . . . - .  - 



D ICEILOAOETHYLENES 

Summary 

O f  t h e  t h roe  dichloroethylene isomers,  c i s  1 , 2-dichloroethylene,  . 

t r a n s  1,2-dichloroethylel?c,  znd l , l - d F = h l c r o e t ~ ~ l o n e ,  cnly the i , : -dicnioro-  

e thylene isomer is produced i n  large q u a n t i t i e s .  Most of t h e  n e a l t h  

e f f e c t s  information a v a i l a b l e  is related t o  t h e  1 , l d i c h l o r o e t h y l e n e  . 

isomers; however, q u a l i t a t i v e l y  t h e  t o x i c i t y  o f  the 1 , 2 4 i c h l o r o e t h y l e n e  

isomers appears t o  be s M l a r ,  w i t h  depression of  t h e  c e n t r a l  nervous 

system and l i v e r  and kidney damage. 

e thy lene  is the most tox ic .  Both 1 , l d i c h l o r o e t h y l e n e  and trans 1,2- 

. .  

Of the three isomers, 1 ,  l d i c h l o r o -  

e thylene has been shown t o  be a carcinogen. 

All o f  the  a v a i l a b l e  aquatic data, with one except ion,  are for 1 , l -  

di:i i .crgetk~iene. Reported l6-i.lour LC50 v a i u e s  f o r  t n e  C l u e q i l l  arb 73,300 

:hScrze:hylena. I:m =3serrec 4e-kcr LC50 vaLuas f o r  Gap imia  exposed t o  

1,:-dichloroethylene rang3 werc i 1,600 and 7?,3CO ug/ l .  A 1 1  s a l 2 d a t e r  

f i s h  and i n v e r t e b r a t e s  t e s t e d  with 1 , l -d i ch lc rzesky lene  skcved 96-hol;r 

LC50 values  over 224,GOG ug/i, and a l l  algae t e s t e d  both i n  f r e s h  and 

SaiLwater, hac! 96-hour EC50 vaiues (based on c e l l  numbers ,  of  7i6,OOO pg/L 

and over. In  t h e  only reported chronic  s tudy,  no adverse e f f e c t s  were 

observed a t  t h e  h i g h e s t  tes t  concentrat ion of 2,300 y 3 / l  f o r  fathead 

zinnows exposed to I , I  -dichloroe thylene.  

. .  
, >  

.- 
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DICHLOROETHYLENES 

I. INTRODUCTIGN 

This profile is based on the draft Ambient 'dater Quality Criteria 

Document for Dichloroethylenes (3 .S .  ZPA, 1979) .  

The dichloroethylenes (CzH2C12; molecular weight 96.95) consist or' 

the three isomers: 1,l-dichloroethylene, cis- 1,2-dichloroethy;ene, acd . . 

tr_ans-l,Z-dichloroethylene. 

with water solubilities between.2,530 and 5,3GO pg/ l ,  vapor prpssuros 

between 591 and 208 & Hg, and melting points between -5OOC and -122OC 

Dichloroethylenes are clear color'less liquids 

123,OCO metric tons (Arthur D. Little, Inc., 1976) .  The i,;-dichLoroethylene 

isomer is used as a chemical intermediate in the synthesis of rnechylznloroform 

;..- i n  L::? prcix:icn of ;oly*ricyli2ece chloride c.=;clyn;ers ( 7 : ; Z Z z ;  . 
. &  - -TFT-ZZ  

. .  
-..e 

-- -.,- --. -... _I".._ 

.. .. i . na',o'" 

The Nationai Organic Monitoring Survey (3.S; :?A, ;978ai reported 

detecting i,l-dicnloroeshylene in finished trinking zaters; however, 

neither the amomt nor the occzrrence was quantified. 30th cis ace tr2nS- 

,241:klcroethylene ;ere found at conce3tFa;lons cr' 16 and ' $ s l  1, 

respectively, in Miami drinking water (U.S. ZPA, 1975. 1978b). 

B. Food 

Pertinent data could not be located on the ingestion of dichloro- 

ethylene in foods. 

tration factor for  1,l-dichloroethylene to be 6.9 for the edible portions . 
The U.S. :PA (7979) has estlnated the xeighted SioconceE- 

of 

w- 



, 

fS s h  and s h e l l f i s h  consumed by Americans. 

o c t a n o l h a t e r  p a r t i t i o n  c o e f f i c i e n t s  of 1 

This estimate is based on t h e  

l -d i ch lo roe thy lene .  There is no 

e s t ima te  f o r  a bioconcentrat ion f a c t o r  f a r  the o t h e r  i s c n e r s .  

C. Inha la t ion  

The population a t  r i s k  due t o  v iny l idene  c h l o r i d e  exposure is composed 

p r imar i ly  of workers i n  i n d u s t r i a l  or commercial ope ra t ions  manufacturing or , 

using it. Airborne emissions o f  vinyl idene c h l o r i d e  are.  not l i k e l y  to  pose a 

s i g n i f i c a n t  r i s k  t o  the  gene ra l  population. 

s t o r a g e ,  and t r a n s p o r t  can be con t ro l l ed  by methods similar t o  those planned 

for c o n t r o l  of v i n y l  c h l o r i d e  (Hushon and Xornreich, 1978) 

111. P9ARMACOKINETICS 

Emissions during . production, 

A .  Absorption 

S p e c i f i c  d a t a  on the absorpt ion of dichloroechylenes are unavai lable .  

Uc):;e*.'er, a ?ecer.t st2:ly 3y McKecna, e t  a l .  (;S78b) s l i j ges t s  t h a t  i n  r a t s  most. 

:.- ..-+ > * '  _ _  ..-- ---, of  the  crz.lly admiziszered dose I s  absorzec 2; t i i o  2ose lsv;?ls: I 

2.n: 3c -4,'kg. 

3. 3 i s t r i S u t i s n  

X s t r i 3 u t f o n  of 7 , ; -dicnloroethylene xas  s tud ied  i n  racs r 'oilvbing 

i n k a l a t i o n  (:zener, e t  a l .  10771. The l a r g e s t  concentrst;zns gere found  i n  

',:A-av,v ? m l ? c v ~ e ~  ky l i * , - z r ,   SF^^^^, k e = r t ,  s-f i r - z - .  ". s - . ~ ,  --a GI.- .-a--..= ----e:-- - - A -  .uab= 15 ..--..-_ , -"-- 
d i f f e r e n c e  i n  t h e  d i s t r i b u t i o n  p a t t e r n .  ' A t  t h e  subcel1u:ar ieve!. l . l -d i c2 lo ro -  

e thy lene  o r  its me tabo l i t e s  appear t o . b i n d  t o  macromolecules ?f  the  nicrosomes 

and mitochondria ( Jaege r ,  e t - a l .  1977). There is also.some a s s o c i a t i o n  w i t h  

t h e  l i p i d  f r a c t i o n .  Dist1,Z-dichloroethylene isomers, are not a v a i l a b l e .  

C.  Uetzbolism 

The e s s e n t i a l  f e a t u r e  of all dichloroethylene metabolism is the 

presence o f  epoxide in t e rmed ia t e s  uhich are reactive and may form covaient  

I i 

-m- 
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bonds with tissue macromolecules (Senschler, 1977). In rats and mica, 

covalontly bound metabolites of 1,l-dichloroethylene are found in the 

kjdney and liver (McKenna, et al. 1,978b). Interzction of dichlorcethylenes 

with the microsomal mixed function oxidase system is not clear, since 

both inhibitors (dithiocarbamatz) and inducers (phenobarbital) decreased 

the toxic effects of 1,l-dichloroethylene (Anderson and Jenkins, 1977; 

Reynolds, et al. 1975; Jenkins, et al. 1972). Carlson and Fuller (19721, , 

houever, reported increased nortali% from 1,l-dichloroethylene in iats 

' following phenobarbital pretreatment. There is-evidence that the 1 , l -  

dichloroethylane metabolites are conjugated with gluthathione, which 

;?resumably represects 2 d2toxification step (McKenna, et al. l978b). 

E. Excretion 

The cnly icformation available on elimination pertaizs. t o  the 

l,, 1 - d i ~ " l s r c e t h y ~ ~ a ~  1 S . z t i r .  1: 5s yoz:t;lated f!?zi; the  1 , ? -2i 'chloro- 

e t h y l a n t  i s x s r  :?as a ra-,id ra?t 0- ai;zizatlon s i x 2  a s ~ > s % i n > i a l  

fr=cflcr? cl' the tctal rbzorbed'dose mey be r e c o v e r ~ c !  in uqine uithin 25 

?c "2 hours (2aeger, et, a l .  1977; YcKenna, et 31. 1978a). Also, dis- 

appearance cf covalently bonded metabolites of 1,i-dichlorcethylene 

. .  

(measured as XA-insoluble fractions) appears to be rai?ly r a p i i ,  x i 3  2 

reported L-rlf-l ife cf 2 to 2 hcors (Jaeger, et 21. 

IV. EFFECTS 

A .  Carcinogenicity 

There is only data on the carcinogenicity of the 1,l-dichlor3- 

ethylene isomer. This isomer has been shown to produce kidney adeno- 

carcinomas in male nice and mammary adenocarcinomas in fenale mice upon 

inhalation of 100 m g i d  (Maltoni, et al. 1977; Maltoni, 1977). In 

.- . ... .. . . - . .. - .. . . - - _ .  



s i m i l a r  experiments wi th  Sprague-Dawley ra ts  exposed as high as 800 mg/m3, 

no s i g n i f i c a n t  i nc rease  i n  tumor incidence was noted. Xamsters exposed 

to  t h e  same cond i t ions  as the mice f a i l e d  t o  e x h i b i t  an increased tumor 

incidence.  (Xa l ton i ,  et  al. T577). I n  rats exposed t o  1 , l -d i ch lo roe thy lene  

i n  their  d r ink ing  water (200 mq/l) t he ro  vas  no evidence o f  increased 

tumors (Rampy, e t  al. 1977). There was an’increased incidence of mammary 

tumors i n  rats r ece iv ing  20 ag o f  1 ,  l - d i ch lo roe thy lene  by gavage 4 to 5 

d a y s  a week f o r  52 weeks. The incidence iias 42 percent  i n  t t l e  t r e a t e d  

animals and 34 percent  in t h e  c o n t r o l s ;  however, t h e  data vas  not analyzed 

s t a t i s t i c a l l y  (Maltoni, e t  a l .  1977). 

8. Mutagenicity 
__ 

1 , 1 -Dichloroethylene has been sho’m :a b e  mutGenic i n  S. t y p t i x r i s z  

(9artsch, e t  al. 19751 and E. c o l i  K12 ( C r e i m ,  e t  a l .  1975); however, 

bo th  :he c i s  2nd trans i s c z a r s  cf 1,Z-CichlcroetSylene ifere non-uxcz,-scit 

xhen assayed xi:3 Z .  c d i  XC:2. I n  c r d e r  t o  lscozsf?st? zuta5edc  z?:i*!i:y, 

1 ,  -ciichloroethylene needed nicrosomal a c t i v a t i o n .  I n  Ic’,5ition, c i s  . .  

1,Z-dichlcroeLbylene sras aiutagenic i n  Salmonella teszer s t r a i n s ,  ana 

promoted chromosomai a b c r r a t i a n s  i n  cy:ogenic a n a l y s i s  or’ bone marrou 

C e l l 3  (Cerna and Kypenova, 1977). I n  nammalian systeas, l , l -d i ch l3 r3e thy lcne  

xas negat ive i n  the  dominant l e tha l  assay <Short, e t  a l .  1977b; Anderson, 

e t  a l .  1977). 

C. Te ra togen ic i ty  

A study by Murray, e t  al. (1979) f a i l e d  t o  show t e r a togen ic  

e f f e c t s  i n  rats or r a b b i t s  i n h a l i n g  concentration; of  up t o  160 ppm l,l-Zi- 

chloroethylene f o r  7 hr /day  o r  i n  rats given d r ink ing  water containing 

200 ppm l , l 4 i c h l o r o e t h y l e n e .  

I -* 
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D. Other Aeproductive Effects 

Pertinent data could not be located in the availabie -li:erat*ze. 

E. Chronic Tcxicity 

In. ar izal  stzdies, liver daaage is associated with exposur? 

either in tne air or water, to dichloroethylenes (6 mg/d or 0.79 23/11 

with transitory damage appearing as vacuolization in liver cells (2.S. 

SPA, 1979). Jenkins, et al. (1972) found both cis and trans 1,2-dichloro- 

ethylene to be considerably lass pctent 'han 1,1-dichloroecnylene BS a C .  

hepatotoxin. Less attention has been paid to the kenal toxicity of the 

dichloroethyienes despite the occurrence of histologically demonstrated 

tzragz at 1,l-dichloroethylene exposures equil to c r  lsss 5 . k . c  ',L-=.ae 

required for hepatoxicity (?rendergast, et al. 7967; Short, et ai. is77a). 

-- 

F. Other 3elevant Information 
. .  . . ? 4. i 

I-- --. -,-oris in tissue gl2ta:212ce ccnceczrzzlzns afI'ec; Zis  

x i 3  decreased zsxicity (Jaeger, et al. 7973, :577) .  

v . A G L! A T I C TCXICITY 

A .  Acute Toxicity 

A 1 1  of t h e  avaiiable data for c:cclcroe:nylece, zr5n cne e x t ? t i o n ,  

Ere for 1,l-dichloroethylene. The data on acute static tests with oluegiil, 

Lepomis macrochirus, under similar conditions show a correlation between 

the degree of chlorination and toxicity. The 95-hcur LC50 values for the 

blueqill are 73,900 and 135,000 ug/l for 1 , l -  and 1,2-dichloroethylene, 

r~SpeCtiVely. 

ug/l f o r  trichloroethylene, and 12,900 ug/l for tetrachloroethylene (U.S. 

Additional data for other ethylene chlorides are as follows: 4u,700 . 
- . .  - -  - .  - .  J - .  .. 

EPA, 1978~1. These results indicate an incroase in the lechal-effect on 

bluegills xith zn iccrease in chl0rir.e cont2n t .  



a The 96-hour LC50 value f o r  t h e  sheepshead miraow, Cypuimocen va r i ega tus ,  

tidewater s i l v e r s i d e ,  Menidia S e r y l l i n a ,  and mysid shrimp, Mysidepsis 

- Sehia ,  following exposure t o  1 , l d i c h l o r o e t h y l e n e s  are a l l  over 2211,000 

ug / l  (8.3. ZPA, 1 9 7 8 ~ ) .  

, 9. Chrcnic Toxici ty  

I n  t h e  only  reported chronic  s tudy ,  an embrpo-larval t e s t  i n  

. fathead sinnows, no adverse effects were observed a t  t h e  h i g h e s t  tes t  

concen t r a t ion  of  1 , I  -dicliloroe thylene 2800 x/l ( U .  S. EPA , :9?9 I . 
C. P l a n t  E f f e c t s  . 

The 96-hour ECSO -ralues based on c e l l  numbers o f  t h e  freshwater  

D. Residues 

? s r t i n e n t  i a f s r z a z i o n  could not 3s l cca t ed  i n  :;?e z.vailaSLe 

l i t s r a t u r e .  

:!I. E.YISTI?IG G'JIDELINES AND STANDARCS 

A .  Human 

< -"< et T??P ?merican Ccnfe?er!ee of  Governmental Io. 'ustrial ?ygA -.I-- -s 

( A C G I H ,  19771 t k o s h c l d  Unit values  (TLV! ,=re 40 zg/mz (1 , l -dichlo-s-  

e thy lene  1 and 790 mg/n3 ( 1 , 2 d i c h l o r o e t h y l e n e  1 . 
exposures of  286 zg 1 , l -d i ch lo roe tky lece  per day and 5,643 =g 1,2-di-  

T'iese v a l u e s  allow daily 

chloroethylene p e r  day. The U.S. E P A  (19791 draf t  water c r i t e r i a  document 

f o r  dichloroethylene states t h a t  no human h e a i t h  c r i t e r i o n  could oe  de r ived  

for cis- and trans-1,2-dichloroethylene due  t o  t h e  lack of s u f f i c i e n t  

data on which t o  base a c r i t e r i o n .  1 , l -d i ch lo roe thy lene  is suspec ted  o f  

. .  

wk 
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being a human carcinogen, and using the "one-hit" model, the U.S. EPA 

(1979) has estimated levels of l,l-dichloroethylene in ambient-water 

which xi11 rosult in specified risk levels of human cancer: 

Zxgc sure  Ass*mp,t i cns 2isk levels and Corresoondinn D r z Z  Criteri. 
(per day) -5 10 - - 107 - 

2 liters of drinking vatar 
and consumption of 18.7 0.013 ug/l 0.13 ug/l 1.3 ug/l 
grams fish and shellfish 

C&?s&p',icn of fish and 0.11  ug/l 2.1 ug/l 21 ug/1 
snellfisn only. 

B. Aquatic 

The proposed draft criterion t o  protect freshwater species 

2 24-hr . A-:era;; Ccncentration n o t  to 5e 
exceeded at. anyC_ilce 

1,l-dichioroethyiene 1,700 ug/l 
1,2-dichloroethylzne Nor: available 

1 . 
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DISCLAIMER 

This report represents a survey of the potential health and 
environmental h.azards from exposure to the subject chemical. The 
information contained in th,e report is drawn chiefly from secondary 
sources and available reference documents. Because of the limi-’ 
tations of such sources this short profile may not reflect all 
available information including all the adverse health and 
environmental impacts presented by the subject chemical. This 
document has undergone scrutiny to ensure its technical accuracy. 
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DICHLOROMETHANE .(DCM) 

s ITMMARY 

I n  humans, DCM is a central nervous system depressant 

resulting in narcosis at high concentrations, and impaired task 

performance. 

and causes an increase in carboxyhemoblogin, placing persons with 

cardiovascular disease, and perhaps those.who are pregnanz, at 

Dichloromethane is metabolized to carbon monoxide 
- -  

increased risk of disease. On the basis of present evidence, DCM 

cannot be firmly identified as an animal or human carcinogen. 

DCM has been shown to be mutagenic to Salmonella, but not to 

- S. cerevisia and Drosophi-la, and causes cell transformation. 

Aquatic organisms are fairly resistant to d$chloro- 

methane, with acute toxicity values ranging from 193,000 to 3 3 1 , n O O  

u g / l .  I 



DICRLOROMETHANE 

. '  
I INTRODUCTION 

This profile is based on the Ambient Water Quality Criteria 

Document for Halomethanes ( U . S .  E P A ,  197qa). 
, .  

Dichloromethane (CH2C12, methylene chloride, methylene 

dichloride, and methylene bichloride; molecular weight R4.93) is 

a colorless liquid vlth a melting po.int of -95.l0C, a boiling 

point of bO°C, a specific gravity of 1.327 g / m . l  at 2OoC, a vapor 

pressure of 362,.4 mm Hg at 2 0 ° C ,  and a solubility in water of 

13.2 g / 1  at 25'C. Dichloromethane i s  a common industrial solvent 

found in insecticides, metal cleaners, .paints, and paint and 

varnish removers (Balmer, et al., 1976). In 1976, 244,129 metric 

tons were imported ( U . S .  E P A ,  1977). For additional information 

regarding the halomethanes as a class, the reader is referred to 

Bazard Profile on Halomethanes (U.S. E P A ,  1979b). the 

XI. EXPOSURE 

A. Water 

The U . S .  E P A  (1975) 

fin-shed drinking waters in t 

has .identified dichloromethane in . _  

e U.S. in R of 83 sites, with a 

maximum level of 0.007 mg/l and a median of less than n . O f l l  

mg/l. The dichloromethane in drinking water is not a product of 

water chlorination ( U . S .  EPA, 1975; Morris and McKay, 1975). In 

the national organics monitoring survey, dichloromethane was 

detected in 15 of 109 sites, with a mean concentration (positive 

results only) of 0.0061 mg / l  ( U . S .  E P A ,  1978). 
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B. Food 

Pertinent information could not be located in the 

available literature. 

C. Inhalation 

Reported background concentrations of dichloromethane 

in both continental and saltwater atmospheres were about r).00012 

mg/m3, and urban air concentrations ranged from less than 0.0n007 
- -  

to 0.00005 mg/m3. 

the use of aerosol sprays or solvents (Natl. Acad. Sci., 1978). 

Local indoor concentrations can be high due to 

111. PHARMACOKINETICS 

A. Absorption 

lungs are between 30 to 75 percent, depending o n  length of 

exposure, concentration, and activity level (Natl. Acad. Sci., 

1978; Natl. Inst. Bccup Safety and Health, 1975) 

B. Distribution 

U p o n  inhalation and absorption, dichloromethane levels 

increase rapidly in the blood to equilibrium levels that depend 

primarily upon atmosphere concentration (Natl. Acad. Sci., 1978). 

Carlsson and Hultengren (1975) reported that dichloromethane 

and its metabolites were in highest concentrations in white 

adipose tissue, followed in descending order by levels in brain 

and liver. 

' S o m e  of this carbon monoxide is exhaled, but a significant amount -!!a!!!!!!!!!! ____ 
----__ -__ -- 
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is involved in the formation o f  carboxyhemoglobin (Natl. Inst. 

.Occup. .Safety and. Health, 1976). Cardiorespiratory sfress from 

elevated carboxyhemoglobin may be greater as a result of 

dichloromethane exposure than f r o m  exposure t o  carbon monoxide 

alone due t o  the continued 'formation of car-bon monoxide following 

cessation'of dichloromethane exposure (Stewart and Hake, 1976). 

As shown by animal experiments, other possible human metabolites 

of dichloromethane Include carbon dioxide, formaldehyde, and 

formic acid (Natl. Acad. Sci., 1978). 

D. Excretion 

A la.rge proportion of absorbed dichloromethane is ex- 

creted unchanged, primarily via the lungs, w i t h  some in the urine. 

DiVincenzo, et al. (1972) have reported that about 40 percent of 

absorbed dichloromethane undergoes some reaction and decomposition 

process in the body. 

IV. EFFECTS 

A. .Carcinogenic1 ty 

. Friedlander et al. (1978) analyzed the mortaiity of 

Eastman-Kodak male employees exposed to low levels of methylene 

chloride. No significant neoplastic risk factors were identified. 

Theiss and coworker8 (1977) examined the tumorigenic activity 

of dichloromethane in strain A mice. Dichloromethane at the low 

dose (1:s' dilution of the maximum tolerated dose) produced 

marginally significant increases in tumor response. Shimkin and 

Stoner (1975) did not report a positive carcinogenic response for 

the strain A mouse bioassay system. 
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suspect' the potential carcinogenicity of DCM based on t h e  (marginally I 1 
I positive) pulmonary adenoma response in strain A mice, on positive 

responses for mutagenicity in the Ames test, and on the ability I 
I to transform, rat embryo cells (see below). 

B. Yutagenicity 

Simmon, et al. (1977) reported that dichloromethane 

was mutagenic to Salmonella typhimurium st,rain TAlOO when assayed 

I 
in a dessicator who.se atmosphere contained the test compound. 

Yetabolic activation was not required, and the number of revertants 

per plate was directly dose-related. A linear dose response curve 

was observed. Dichloromethane did not increase mitotir recombination 

__ 

I 
in - S. cerevisia D 3  (Simmon, et al., 1977), and it was reported 

negative on testing for mutagenicity in Droso.phila (Filippova, et 

al., 1967). Positive results for dichloromethane in the Ames I 

I '  
assay were recently confirmed by Jongen, et a l -  (1978) with vapor 

phase exposures (5,700 ppm) of strains TA9R and TAlOO. 

C. Teratogenicity 

Schwetz et al., (1975) showed that DCM can affect 

embryonal and fetal development in rats and mice a s  evidenced by 

the increased incidence of extra sternebrae. DCM also affects the 

development of chick embryos, causing a 2 to 3-fold increase in mal- 

formation frequencies (Elsavaara et al., 1979)- 

l 
D. Other Reproductive Effects 

- - _  - - . _ _  

Gynecologic problems in femal workers .exposed for . I 
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long period to gasoline and dichloromethane vapors were reported 

by Vozovaya ( 1 9 7 4 ) .  Also, inhalation exposures of rats and mice -.. . 

to vapor leve'ls of 4,342 m g / m 3  for seven hours daily on gestation 

days 6 to 15 p.roduced evidence of feto- or embryotoxicity (Schwetz, 

et al., 1 9 7 5 ;  Natl. Inst. Occup. Safety agd.Health, 1976). 

. E. Chronic Toxicity 

Acute exposures to dichloromethane produce central 

nervous system disfunction, are irritating to mucous membranes, 

and increase the level of carboxyhemoglobin (Natl. Acad. Sci., 

1978). Price, et al. (1978) reported that Fischer rat embryo 

cells (F1706) were transformed by dichloromethane at high . 
concentrations (1.6 x 10'3M) in the growth medium. However, 

Sivak ( 1 9 7 8 )  indicated the presence of carcinogenic contaminants 

in the dichloromethane and could not demonstrate transformation 

in the RALB/C-3T3 assay system with highly purified food grade 

dichloromethane. 

V: AQUATIC TOXICITY 

A. Acute Toxicity. 

Acute toxicity values have been obtained for two species 

of freshwater fish and one species of freshwater invertebrates. 

LC50 values for the fathead minnow (Pimephales promelas) ranged 

from 193,'OOO ug/l in a flowthrough assay to 310,000 ug/l in a 

static assay. Au LC50 value o f  226,000 ug/l was obtained f o r  the 

I bluegill (Lepomis Macrochirus) in a static assay. Daphnia magna 

were reported as having an LCSo value of 2 2 6 , O n O  ug/l (U.S. EPA, 

.. . 



r- , 

for dichloromethane is 2 ug/l. 

Halomethanes Hazard Profile for discussion of criteria derivation 

The reader is referred to the I 

~ - _  _ _  - -  - -  - _ _  
- -  -- - 

(U.S. EPA, 1979b). 

- 
,------------ 

-__ --_ 7-4~q---------- -___ 
a 

, J  , ,  

' a  1979a). For the marine fish, the sheepshead minnow (Cyprinodon 

variegatus), an L C s o  of 331,000 ug/l w a s  obtained. The marine 

rnysld shrimp was reported a s  having an L C ~ O  value of 256,000 

ug/l. 

R. Chronic Toxicity 

not be located in the available literature. 

C. Plant .Effects 

Both species of freshwate.r algae, Selenastrum capricor- 

662,000 ug/l. I I 

the U . S .  ZPA (1979a), which are summarized below, have gone 

through the process of public review, therefore, there is a 

possibility that these criteria will be changed. 1 
A. Human I 

OSHA (1976) has established an eight-hour, time-weighted 

average for dichloromethane of 1,737 mg/m3; however, NIOSH (1976) 

has recommended a ten-hour, time-weighted average exposure limit 

of 261 mg/m3. The U . S .  EPA (1979a) draft water quality criterion 

I 008908 . 



B -  A q u a t i c  

The l i f e  h a s  c r i t e r i o n  f o r  p r o t e c t i n g  f r e s h w a t e r  a q u a t i c  

been d r a 6 t e d  a s  4,000 u g / l ,  n o t  t o  e x c e e d  9 , 0 0 0  u g / l ,  w h i l e  t h e  

m a r i n e  c r i . t e r i o n  h a s  been  d r a f t e d  a s  1 , 9 0 0  u g / l ,  n o t  t o  e x c e e d  

4,400 u g / l .  
. .  .- . 
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2,4-DfCHLOROpHEYOL 

Summary 

Insufficient data exist t o  indicate that 2,4-dichlorophenol 

is a carcinogenic agent. 2,4-Dichlorophenol appears to act a s  a 

nonspecific irritant i n  promoting t u m o r s  i n  skin painting studies. 

No information o n  mutagenicity, teratogenicity, or chronic toxicity 

is available. In a subacute study, the only adverse effect noted 

i n  mice was microscopic nonspecific liver changes. 2, 4- 

Dichlorophenol appears to be a weak uncoupler of oxidative 

phosphorylation. 

Acute and chronic toxic e f f e c t s  o f  2,4-dichlorophenol have 

.been observed at a concentrations a s  low a s  2,2hO and 365 ugll 

respectively. Mortality to early l i f e  stages of one species of 

fish occurs at 7 0  ug/l. Flavor impairnent studies indicate 

that the highest concentrations of 2,4-dichloroohenol in water 

w h i c h  would not cause tainting of t h e  edible portions of fish 

range from 0.4 to 1 4  ug/l depending on the species o f  f i s h  

consumed. 

L 
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2,4-DICHLOROHENOL ( 2  , 4 DCP ) 

I. I N T R O D U C T I O N  . 
T h i s  p r o f i l e  i s  in l a r g e  p a r t  b a s e d  on  t h e  A m b i e n t  Water 

Q u a l i t y  C r i t e r i a  Document  f o r  2 , 4 - d i c h l o r o p h e n o l  (U. S. E P A ,  1 ’960) .  

2 , 4 - D i c h l o r o p h e n o l  is a c o l o r l e s s ,  c r y s t a l l i n e  s o l i d  h a v i n g  

t h e  e m p f r i c a l  f o r m u l a  C6HqC120 a n d  a m o l e c u l a r  w e i g h t  o f  1 6 3 . 0 . .  

(Weast, 1 9 7 5 ) .  I t  h a s  t h e  f o l l o w i n g  p h y s i c a l  a n d  c h e m i c a l  

p r o p e r t i e s  (Sax, 1 9 7 5 ;  A l p  a n d  F a u s t ,  1 9 6 5 ;  Weast, 1 9 7 5 ;  K i r k  a n d  

Othmer  , 1 9 6 4 ) :  

M e l t i n g  P o i n t :  
B o i l i n g  P o i n t :  
Vapor  P r e s s u r e :  

4 5 0  c 
2 1 0 °  C a t  7 6 0  mm Hg 
1 .0  mm Eg a t  53.00 C 

. 
S o l u b i l i t y :  s l i g h t l y  s o l u b l e  in wate r  

a t  n e u t r a l  pH; d i s s o l v e s  
r e a d i l y  in e t h a n o l  a n d  
b e n z e n e  

2.4-DCP is a c o m m e r c i a l l y  p r o d u c e d ,  s u b s t i t u t e d  p h e n o l  u s e d  

e n t i r e l y  a s  a n  i n t e r m e d i a t e  in t h e  m a n u f a c t u r e  o f  i n d u s t r i a l  a n d  

a g r  i c u l t u r  a 1  p r o d u c t s  s u c h  a s  t h e  h e r b i c i d e  2 , 4 - d i c h l o r  o p h e n o x y . a c e t i c  

a c i d  ( 2 , 4 - D ) ,  g e r m i c f d e s ,  a n d  m i t i c i d e s .  

L i t t l e  d a t a  e x i s t s  r e g a r d i n g  t h e  p e r s i s t e n c e  o f  2,4- 

d i c h l o r o p h e n o l  in t h e  e n v i r o n m e n t .  I t  i s  a p r o d u c t  r e s u l t i n g  

f r o m  d e g r a d a t i o n  o f  many c o m m e r c i a l  p r o d u c t s  by p l a n t s ,  m l c r o -  

o r g a n i s m s ,  a n d  s u n l i g h t .  I t s  l o w  v a p o r  p r e s s u r e  c a u s e  i t  t o  b e  

o n l y  s l o w l y  r e m o v e d  f r o m  s u r f a c e  water  v i a  v o l a t i l f z a . t i o n  ( U . S .  

EPA, 19’80). S t u d i e s  h a v e  i n d i c a t e d  low a b s o r p t i o n  o f  2,4-DCP ‘ 

from n a t u r a l  s u r f a c e  waters  by v a r i o u s  c l a y s  ( A l y  a n d  F a u s t ,  

1 9 6 4 ) .  2,4-DCP is p h o t o l a b f l e  in a q u e o u s  s o l u t i o n s  (Aly a n d  Faust, 

1 9 6 4 ;  C r o s b y  a n d  T u t a s s ,  1966) a n d  c a n  b e  d e g r a d e d  t o  s u c c i n i c  

75-4 -. 
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under laboratory conditions, the half life of 2,4-DCP is 8-9  

acid by microorganisms in s o i l  and water (Alexander and Aleem, 

1961; Ingols, et .ale, 1966; Loos, et al., 1967). I n  lake water, 
. .  

This estimate i s  based on the octanol/water partition coefficient. - ----__ a!!!!!!!-- ------------ -____ 
* . .  

;' * * (  
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days in aerated waters and 17 days under anaerobic conditions 

( U . S .  EPA 1980). 

11. EXPOSURE 

A. Water 

Sources of 2,4-DCP i n  water are agricultural run-off (as a 

contaminant and metabolic breakdown product of biocides) and 

manufacturing waste discharges (U.S. EPA, 1980). Recent 

experiments under conditions simulating the natural environment 

have not demonstrated that 2,4-dichlorophenol is a significant 

product resulting from chlorination of phenol-containing wastes 

(Glaze, et al. 197R; Jolley, et al. 1978). The worst-case exposure 

to 2,4 DCP from drinking water, as calculated from 2,4-nCP level 

in water downstreams .from a 2,4-DCP manufacturing facility, 

has been estimated a s  36 ug/kg body weight/day. 

B. Food 

, Contamination of food with 2,4-DCP could be an indirect 

result from use of the herbicide 2,4-D ( U . S .  EPA, 1980). The 

worst use estimate for the degree of human exposure to 2,6-DCP from 

consumption of c,ontaminated meat is about 4 ug 2,4-DCP/kg body 

weight. 

The U.S. f P A  (1980) has estimated the weighted average 

bipc-oqcentration factor for 2,4-dichlorophenol ro be 41 for the 
- -  - -  . -. -. _ _  I 

- - .  _ _  - . 
. .  

edible portions of fish and shellfish consumed by Americans. 



C .  Inhalation - - 

. Pertinent information regarding direct evidence indicating . 

that humans are exposed to significant amounts of 2,6-dichlorohenol 

through inhalation has not been found in the available literature. 

111. Absorpti'on 
. .  

Pertinent information regarding the iibsorp'tion of 2,4- 

dichlorophenol in humans or animals w a s  not found in the available 

literature, although. data on toxicity indicate that 2,4- 

dichlorophenol is absorbed after oral administration (Deichmann, 1 9 4 3 ;  

Kobayashi, et al. 1972). Due to its high lipid solubility and 

low ionization at physiological p-H, 2,4-dichlorophenol is expected 

to be readily absorbed after oral administration ( U . S .  EPA, 1979). 

B. Distribution 

Pertinent information 'dealing directly with tissue 

after 2,4-dichlorophenol exposure w a s  not found in the available 

literature. Feeding of 2,t-D (300 - 2000 ug/g feed) to cattle 
and sheep (Clark, et al. 1975) and Nemacide (50 - 800 ug/g feed) 
to l a y i n g  hens (Sherman, et al. 1972) did,not produce detectible 

residues of 2,4-dichlorophenol in muscle or fat. Cattle and 

sheep had high levels of 2,4-dichlorophenol in kidney and liver; 

hens had detectible levels of 2,4-dichlorophenol in liver and y o l k .  

C. Metabolism 

Fertinent information dealing directly with metabolism of 

administered.2,4-dichlorophenol was not found in the available 

literature. In mice, urinary metabolites of I4C-labelled gamma 
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or beta benzene hexachloride (hexachlorocylohexane) included 2,4- 

dichorophenol and its glucuronide and sulfate conjugates (as 4-6 

percen't of total metabolitss)' (Kurihara, 1 9 7 5 ) .  

D. Excretion 

Pertinent information dealing with excretion of administered 

2,4-dichlorophenol was not found in the. available literature. 

After oral administration of 1.6 m g  Nemacide to rats over a 3-day 

period, 67 percent of'that compound appeared in urine as 3 , 4 -  

dfchlorophenol within 3 days. With a dosage of 0.16 mg Nemacide, 

70 percent of the compound appeared in urine as 2,4-dichlorophenol 

within 24 hours (Shafik, et al. 1973). 

IV. EFFECTS 

- .. 

A. Carcinogenicity 

Existing data are not sufficient to indicate whether 

2,k-dichlorophenol is a carcinogen. The only study performed 

(Boutwell and Rosch, 1959) indicate that ?,4-dichlorophenol m a y  

promote skin cancer in mice after initiation with dimethylbenz- 

anthracene. An analysis of the data of Boutwell and Rosch using 

the Fisher Exact Test indicated that the incidence of papillomas. 

in 2,4-DCP-treated iroups was significantly elevated over controls, 

while the incidence of carcinomas was not ( T 1 . S .  EPA, 19qn). 

B .  Mutagenicity, Teratogenicity and Other Reproductive 
Effects 

No studies addressing the mutagenicity, teratogenicity 

or other reproductive effects of 2,4-DC? in mammaliam systems 

were found in the available- literature. However, genotoxic 
- - .  . -  - . . -  - -  - 

effects of 2,4-DCP have been reported in plants. Yxposure of 

-_ 
--- -- -7-5-7- - 

-- 



flower buds or root cells of vetch (Vlcia fabla) to solutions of 

2,5-DCP, OIM and 62.5 mg/l, respectively, caused meiotic and 

mitoti; changes including alterations of chromosome stickiness, 

lagging chromosome anaphase bridges and fragmentation ( h e r  and 

Ali, 1968, 1969, 1974). The relationship of such changes I n  

plant cells.to potential changes in mammalian cells has aot been 

established ( U . S .  EPA, 1980). 

C. Chronic Toxicity 

One report (Bleiberg, et al. 1964) suggested that 2,4- 

dichlorophenol was involved in the induction of chloracne and 

porphyria cutanea tarda in workers manufacturing 2,4-dichlorophenol 

and 2,4,5-trichlorophenol. Since various chlorinated dioxins 

(powerful chloracnegens) have been implicated a s  contaminants of 

2,4,5-trichlorophenol, the specific role of 2,4-dichlorophenol in 

causing chloracne and porphyria is not conclusive (Ruff and 

Wassom, 1974). 
a 

In a study (Kobayaski, et al. 1972) in which male mice 

were fed 2,4-dichlorophenol at estimated dally doses of 45, 100, 

aa'd 230 mg/kg body weight, no adverse effects were noted except 

for some microscopic nonspecific liver ch-anges after the maximum 

dose. Parameters evaluated included body and organ weights and 

food consumption, as well as hematological and histological 

changes. - 
D. Other Relevant Information 

2,4-DCP is a weak uncoupler of oxidative phosphorylation 

(Parquharson, et al. 1958; Hitsuda, et al. 1963). Values on odor 

75-8 
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D .  R e s i d u e s  

' A  b i o c o n c e n t r a t i o n  f a c t o r  o f  130  h a s  b e e n  e s t i m a t e d  f r o m  . '  
t h e  o c t a n o l - w a t e r  p a r t i t i o n  c o e f f i c i e n t  o f  2 , 4 - d i c h l o r o p h e n o l  f o r  

a q u a t i c  o r g a n i . s m s  h a v i n g  a l i p i d  c o n t e n t  o f  e i g h t  p e r c e n t .  The  

e s t i m a t e d  we i .gh ted  a v e r a g e  b i o c o n c e n t r a i o n  f a c t o r  f o r  t h e  e d i b l e  

p o r t i o n  'of a q u a t i c  o r g a n i s m s  is 4 1 .  

E. M i s c e l l a n e o u s  

F l a v o r  i m p a i r m e n t  s t u d i e s  i n d i c a t e d  t h a t  t h e  h i g h e s t  

c o n c e n t r , a t i o n  of  2,4-DCP in t h e  e x p o s u r e  w a t e r  w h i c h  wou ld  n o t  

c a u s e  t a i n t i n g  o f  t h e  e d i b l e  p o r t i o n  o f  f i s h  r a n g e d  f r o m  0 . 4  u g / l  

f o r  t h e  l a r g e m o u t h  b a s s  ( M i c r o b t e r u s  s a l m o i d e s ) ,  t o  1 4  u g / l  f o r  

t h e  b l u e g i l l  ( L e p o m i s  m a r c r o c h i r u s ) .  The v a l u e  f o r  t h e  r a i n b o w  

t r o u t  ( S a l m o  g a i r . d n e r i )  w a s  1 u g / l .  

A. Ruman 
0 

B a s e d  upon  t h e  p r e v e n t i o n  o f  a d v e r s e  o r g a n o l e p t i c  

e f f e c t e d ,  t h e  c r i t e r i o r  f o r  2,4-DCP in water  recommended by t h e  

U.S. EPA ( 1 9 8 0 )  is 0.3 u g / l .  T h i s  l e v e l  is f a r  b e l o w  m i n i m a l  no- 

e f f e c t  c o n c e n t r a t i o n s  d e t e r m i n e d  i n  l a b o r a t o r y  a n i m a l s  ( U . S .  EPA, 

1980). 3 . 0 9  m g / l  is t h e  c r i t e r i o n  b a s e d  o n  t o x i c i t y ' d a t a  (U.S. 

. EVA, 19SO). 

B .  A q u a t i c  

T h e  c r i t e r i o n  f o r  p r o t e c t i n g  f r e s h w a t e r  o r g a n i s m s  is 

2 0 2 0  u g / ' l  ( a c u t e )  a n d  3 6 5  u g / l  a s  a c h r o n i c  e x p o s u r e  v a l u e .  No ' 

c r i t e r i o n  vas  d e r i v e d  for m a r i n e  o r g a n i s m s  ( U . S .  EPA, 1 9 8 0 ) .  

75-10 
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DISCLAIMER 

T h i s  r e p o r t  r e p r e s e n t s  a s u r v e y  of  t h e  p o t e n t i a l  h e a l t h  
a n d  e n v i r o n m e n t a l  haza , rds  f r o m  e x p o s u r e  t o  t h e  s u b j e c t  c h e m i -  
c a l .  The i n f o r m a t i o n  c o n t a i n e d  i n  t h e  r e p o r t  is d r a w n  c h i e f l y  
from s e c o n d a r y  s o u r c e s  a n d  a v a i l a b l e  r e f e r e n c e  d o c u m e n t s .  
B e c a u s e  of t h e  l i m i t a t i o n s  of s u c h  s o u r c e s ,  t h i s  s h o r t  p r o f i l e  
may n o t  r e f l e c t  a l l  a v a i l a b l e  I n f o r m a t i o n  i n c l u d i n g  a l l  t h e  
a d v e r s e  h e a l t h  a n d  e n v i r o n m e n t a l  i m p a c t s  p r e s e n t e d  b y  t h e  
s u b j e c t  c h e m i c a l .  
e n s u r e  i t s  t e c h n i c a l  a c c u r a c y .  

T h i s  d o c u m e n t  h a s  u n d e r g o n e  s c r u t i n y  t o  
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2,6-DICHLOROPHENOL 

S UHM A R Y 

e.. 

There is'no available infornation on the possible 

carcinogenic, teratogenic, or adverse reproductive effects 

of 2,6-dichlorophenol. 

The compound did not show mutagenic activity in the Ames 

assay. A single report has indicated that 2,6-dichlorophenol 

produced chromosome aberrations in rat bone marrow . 
details of.this study were not available for evaluation. 

cells; 

Prolonged administration fo 2,6-dichlorophenol may 

. .  produce hepatoxic effects. Pertinent data on t h e  toxicitp of 

2,6-dichlorophenol to aquatic organisms were not found in the 

available literature. However, EPA/ECAO Hazard Profiles on 

related compounds may be consulted, 

2,4,5-trichlorophenol, and 2,3,4,h-tetrachlorophenol. 

including metachlorophenol, 

. .  . - - -  - .  - .  . 



I. INTRODUCTION 

2,6-Dichlorophenol (2,6-DCP), CAS registry number 87-65-0, 

exists'as white needles and has a strong penetrating o d o r  

I resembling o-chlorophenol. It has the following physical and 

chemical constants (Weast, 1972; Hawley, 1971): 

Formula: 
.Molecular Weight: 
Melting P o i n r :  
Boiling Point: 
Vapor Pressure: 
pH: 
Production: 

6RaC - 69°C 
219OC - 220°C (74n. torr) . 
1 torr @ 59.5Oc 
6.79 
unknown 

2,6-DCP is produced as a by-product from the direct chlorination 

of phenol. It is used primarily a s  a starting material for 

the manufacture of trichlorophenols, tetrachlorophenols, and 

pentachlorophenols (Doldens,' 1964). 

11. EXPOSURE 

A. Water 

Phenols occur naturally in the environment and 

chlor'ophenols are associated with bad taste and odor in tap 

water (Hoak, 1957). 2,6-DCP has a taste and odor threshold 

of 0.002 mg/l and 0.003 mg/l, respectively (McKee and Wolf, 

1963). P i e r  and DeGrunt (1975) found unspecified dichlorophenols 

in Dutch surface waters at 0.01 to 1.5 ug/l, and Burttschell, 
I 

et al. (1959) demonstrated chat chlorination of phenol- 

containing water produced, among o c h e r  products,. 2,6-DCP i n  a 

25-percent yield after 18 hours o f  reaction. I 

76-4 



W 
d 
D 
cd 
4 
r( 
cd 
3 
cd 

0) 

u 
C 
d 

a 
W 
u 
ld 
U 
0 
rl 

aJ 
P 

u 
0 
C 

d 
3 
0 
U 

cd 
U 
cd 
z 
u 
e 
W 
C 
d 

' d u  
O k  
o w  
r z ? b  

m 
I 

\c 

. 
I=? 

$ 

C 
0 
4 
u 
cd 
ri 
cd s 
c 

. H  
W 
M 
3 -  
.u u 
cd 
k 
W 
u 
d 
d 

P, 
c 
a. 
0 
k 
0 
d 
L 
0 
d 
-2 

M 
G 
rl 
Q 
C 
4 
u-c 
'c! 
a 
u 
k 
0 

a, 
k 

a 

r. 
h 
b 
0 
4 
W . 
tl 
cd 

u 
cu 
.I 

cu 
4 
d 
0 

01 
s 
P 

. 
v) 
k 
0 
u 
cd 
k 
0) 
C 
4 
U 
C 
+I 

d 
rd 
a 
4 
0 
4 
C 
1 e 
e 
0 
M 
W 

cn 
W 
u 
cd 
v) 

C 
W 
a 
C 
0, 
U 

v) 

a .  
M 

W 
1 
d 
W 

d 
rl 

. 
'c 
a, 
4 
u-c 
4 
u 
C 
m 
5 
e 
u 
0 
C 

a, 
I4 
a 
5 

v) 

ri 
aJ 
3 
0)  
rl 

al 
d 
P 
cd 
d 
4 
a 
3 
cd 

W 
.I= 
u 
C 
d 

-c 
W 
u 
cd 
U 
0 
r4 

0)  
P 

U 
0 
C 

a 
rl 
1 
0 
U 

cd 
u 
a 
e 
u 
C 
PI 

r l c  
1 6 - 4  
e o  
k M  
a J w  
P P I  

. 
P 

W 
M 
cd 

v) 
rl 
0 
d 
al 
c 
P 
0 
k 
0 
rl 
c 
U 
rl 
a 
u 
cd 
2 

d 
3 
0 
G 
Y 

U 

rJ3 
4 

u 
4 - 
b 
W 
3 

; 
0 
F 

a. 
I4 
3 
u 
cd 
k 
0)  
u 
4 
d 

.e 

v) 

v) 

a, 
d 

a 
C 
cd 

In 
rl 
0 
c 
W 
J= 
a 
0 
k 
0 
d 
c 
U 
I 
0 
C 
0 
e 

td 
P 
U 

u 
U 
m 
u 
I2 
0 
U 

C 
4 
24 
In 

h 
P 

U 
rt 
X 
0 
u 
VI 
VI 
0) 
d 

e 
4 
\o 
m 
d 

.I 

v) 

C 
W 
13 
4 
0 
P' 
W 

C 

Y 
d 

VI 

aJ 
c 
u 
c 
M 
5 
0 
w 
P 
U 

Q 
W 
P 
M 
0 
v) 

P 
cd 

a 
P 

0 
u 
h 
d 
al 
2i 
rl 
d 

0) 
rl 
L! 
16 
4 
rl 
cd 
3 
cd 

W 
s 
u 

d 
4 

a 
aJ 
u 
cd 
0 
0 
d 

a 
P 

U 
0 
C 

'd 
d 
3 
0 
U 

cd 
u 
cd 
2 

u 
c 
aJ 
e 
4 
u 
k 
01 
P. 

v) 

4 

U 
d 

.I 

In 
r( 

0 
c 
01 
L: 
D 
0 
k 
0 
rl 
I: 
U 

k 
a, 
c 
u 
0 

s 

3 

C 
0 
v) 

4 
. k  
cd 
P 
E 
0 
U 

PI 
c9 

u 
d 

. 
01 
k 
5 
u 
(0 
k 
W 
u 
r4 
rl 

s 
0 
k 

cc-l 

w 
C 
cd 

C 
4 
24 
v) 

W 
L: 
u 

c 
bt 
3 
0 
k 
c 
u 

a 
W 
P 
I-( 
0 
v) 

P 
a 
VI 
r( 

F4 u 
P 
I 

\c 

N 

u 
cd 
s 
u 

a 
W 
u 
0 
0) 

X 
aJ 

.. 

n 

W 
d 
P 
cd 
4 
4 
cd 
3 
cd 

W 
c 
u 

C 
4 

a 
al 
U 
a 
U 
0 
d 

W 
P 

e, 
0 
C 

a 
rl 
1 
0 
0 

a 
U 

C c d  
0 7 1  
4 
u u  
1 c  

P W  r l c  
k 4  
u u  
v ) k  
*d P) 
P a  

m 
e 

a 
ri 
3 

; 
a 
C 
3 
0 
a 
0 
0 
U 

W 
s 
u 
u-l 
0 

h 
u 
4 
rl 
rl 
P 
3 
d 
0 
cn 

a 
4 
CL 
4 
rl 

c 
M 
.ri 

.c 
QI 
.c 
P 

. 
W 
M 
3 
u 
cd 
I4 
W 
u 
r( 

4 

u) 
W 
u 
1 
P 
r( 

k 
u 
VI 
4 
e 
a 
G 
5 
0 
a 
e 
0 
0 

a 
W 
N 
4 
ri 
0 
P 
a 
u 
W 
E 
G 
9 

a 
E: 
(d 

a 
0) 
u 
W 
k 
0 
X 
aJ 
C 
1 

Q) 
c 
u 

U 
cd 
F 
U 

u 
In 
0) 
M 
M 
1 
v) 

W 
rl 
P 
cd 
d 
d 
rd 
3 
cd 

W 
J= 
U 

1 

C 
rl 

a 
aJ 
u 
cd 
U 
0 
Ll 

aJ 
P 

G 'u 
0 0  
r l c  
u 
W Q  
k d  
0 3  
N O  
w : v  

Q c d  
c u  
( D c d  

Q 

e u) ' 0  
u l 4 t  
a J d W  
1 0 . C  
I n s 4  
I n c d u  
-4 u l w  

8 '  

u w w  r a  
W 
In 
0 . '  
n u  
d 

cd 

0 
u 

rn 
d 

u 
4 

.I 

In 
r( 

0 
C 
aJ 
s 
p. 
0 
k 
0 
rl c 
U 

k 
W 
.c 
u 
0 

5 
v-4 
3 

C 
0 
v) 

4 
k 
cd 
a 
E 
0 
U 

h 
m 

W 
k 
3 
u 
cd 
k 
0)  
U 
4 
d 



expected that 2,6-DCP is rapidly eliminated from the 

primarily as urinary sulfate and glucuronide conjugates - .  ( U . S .  

IV. EFFECTS. 

A. Carcinogencity 

'..Pertinent data could not be located in the available 

literature. 

R. Mutagenicity 

2,6-DCP did not show mutagenic activity in the Ames 

assay (Rasanen, et al. 1977). 

bone marrow cells have been observed following compound 

administration (route and dosage not indicated) (Chung, 1978). 

Chromosome aberrations in rat 

C. Teratogenicity and Other Reproductive Effects 

Pertinent data could not be located in the available 

literature. 

D. Chronic Toxicity 

Administration of 2,6-DCP to rats .(route and dosage 

not specified) has been reported to produce hepatic degeneration 

. .  (Chung, 1978). 

E. Other Relevant Information 

-- In vitro tests have indicated that _ .  2,6-DCP inhibits. 

liver mitochondrial respiration (level not specified) (Chung, 

1978). At relatively high concentrations 2,6-DCP affects the 

nervous system (U.S. EPA, 1980). 
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V. AQUATIC TOXICITY 

A. Acute 

McLeese, et al. (1979) reported a 52-hour lethal 

septemspinosa) exposed to 2,6-DCP. 

B. Chronic Toxicity, Plant Effects and Residues 

Pertinent data could not be located in the available 

literature. 

VI. EXISTING GUIDELINES AND STANDARnS 

A. Human 

Rased on the organoleptic . -_ properties of 2,h-DCP, a 

water quality criterion of 0.2 ug/l has been recommended by 

the U . S .  EPA (1980). 

B. Aquatic 

No existing criteria to protect fresh and saltwater 

organisms were found tn the ava i lab1 e literature. 
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DI SCLAIMEZ 

T h i s  r e p o r t  r e p r e s e n t s  a su rvey  of t h e  potent 
and environmental  naza rds  f r o m  exposure t o  the su5;ec t  c 
~21. T>e i n Z = x a t i o n  coz ta ined  i n  tke r e p o r t  is Brawn c h  
frm secondary sources  and. a v a i l a b l e  r e f ~ r e n c e  
Because of the  l i m i t a t i o n s  of such s o u r c e s ;  t h i s  shc 
may no t  r e f l e c t  a l l  a v a i l a b l e  informat ion  inc luding  - .  811 t n e  
a'yerse h e z l t k  zzd e y ~ i = o n n e n t = l  impacts r, 

: ia l  h e a l t h  
5erni- 
i s f l y  

docl lments. 
xt '  orof - -  i l e  . 

_ _  _ _ _ ~  r e sen ted  3y t n e  
s a b j e c t  chemical .  T h i s  3 c c x ~ t r . t  has  t i n 5 e y 3 n e  scrutiny t o  
ensure  its t e c h n i c a l  zccuracy.  

. 

. .  I 



2, Lt-DICHLORCPHENOXYACETIC ACID 

- Summary 

Oral adminis t ra t ion of  2,&-Dichlorzphenoxyacetic a c i d  (2,h-I) f a i l e d  t o  

produce carcinogenic  effects In  mice o r  dogs; however, feeding tectrnical  

grade 2,O-O d i d  produce tumors i n  a study w i t h  rats. Subcutanecus aominis- 

t r a t i o n  o f  t h e  i s o o c t y l  ester o f  2,O-O h a s  been reported t o  produce retic3- 

lum CELL sarcmas i n  mice. 

. 

A s i n g l e  study has i n d i c a t e d  t ha t  2 , M  produced mutagenic 'e== I lects i n  

Saccharcmvces. Other i n v e s t i g a t i o n s  have fa i led  t o  show mutagenic e f f e c t s  

o f  tbe csmpcund Sa lncne l l a ,  Drosoohila, Saccharomvces, o r  , the  dominant 

Le tha l  assay a i t h  mice. 

2,L-g 2nd sever21 of its esters f z i l z d  ts shcw t e r s t z g ? n i c  effects 

mice: the  orcoylene g lyco l  b u t y l  ether ester o f  t he  comocuna gr0duce.j an in-  
. .  . 

ry?=_s? in .+tft f a l z t l s  i n  t h i s  S'~J$/. 

f ? r2d  2,L-Z and d e r i v a t i v e s  Showel tt:rtocenic ?r^fects. 

Sti jdizs i n  h s ~ s t s r r  ~ ~ ~ ~ ~ * ;  z~ml?:f-  

i3:Zi wniniscszc isn  

of.  2,O-O t a  rats fa i led  t o  i n d i c a t e  t e r a t o g e n i c i t y  i n  one s tudy;  another in- 

v e s t l g a t i c n  ?;sine oral a 6 , i n i s t s a t i o n  o f  2 , k 4  t o  r a t s  fscnc corstagenic  ??- 

fects. 9 t h r e e g e n e r a t i o n  feeding swcy sr' 2,b-O t o  razs iccicacts 3efo- 

t c x i c  z i f o c t r  zt a dosacje or' 1,5CO Fcm. 

Tcrxicity tests on a v a r i p t y  of  aqua t i c  orSanlsms ~ " n e r a l l y  k:avs C?!?cn- 

stzattd tha t  va r i cus  esters of 2,- are more t2xic than 2 , a a  a d z ,  d i -  

met3yl amine, c r  sodium salt. Freshwater Z e u t  ard bldeSill sunf i sh  ler? 

aaversely afFected by t he  propylene g lyco l  b u t y l e t h e r  (PGE)  ester a t  csn- 

cen;rations Isf 9CS t o  2,OGO ug/l. Oacnnias and fresnwater seed sniimp .+ere 

t 

s e n s i t i v e  t o  the  PGBE ester a t  concen t i a t ions  of 1 C O  t o  3CO ug/l. Cf7rCnic 

exposure of several species of f i s h  t c  concen t r a t ions  up t o  310 rJg/1 has no t  

semonsirated any t o x i c  effect .  * 
77-3 



2,ft-DICHLOROFHENOXYACETIC A C I D  

I. INTROCUCTICN 

2,4-Dichloroohenoxyacetic a c i d ,  CAS R e g i s t r y  number 94-75-7, ccmmonly 

known as 2,&-Q, is  a wh i t e  o r  s l i g h t l y  yel low c r y s t a l l i n e  conpound wnicn is ~ 

odorlzss when pur?. 2,2-2 has t h e  f o l l c w i n c  phys ica l  arid chemica l  ;rcper- 

t i e s  (Herbicide Handbook, 1973) : 

OCH-COOH 

?reduction : 

2 , b - a  i s  usea  as En h o r S i c i d e  alor,g w i t h  i t s  v a r i c u s  s a l t s  and ~ S ’ C O - P S ,  

I= is usei rnginly 3 scnczsl  : ~ ~ z z c -  . .  . . . . .  .,,hicn - / S q  1 ~ s  s ~ L u ~ ~ L ~ ; y  ;rcpertieS. 

leafed p l a n t s  i n  p a s t u r e s ,  and r i sh t -of -ways ,  and ,  and t o  keoo l a k e s  and 

ponds free o f  unwanted submersed and emersed weeds. 

11. EXPCISURE 

4. Water 

No e s t i m a t e s  o f  ave rage  d a i l y  up take  o f  2,L-D from water a r e  

a v a i l a b l e ;  however, z f t e r  t i e a t m e n t  f o r  water m i l f o i l  i n  r e s e r v o i r s  i n  
- - .. . . . -  . . .  - - - . -  - -  . . . _ ,  . . _ ”  ~. 

.. . 
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111. PHARMACOKINETICS 

A.  Absorp t ion  

Human a b s o r p t i o n  o f  2 , 4 4  fo l lowing  o r a l  i n t a k e  is e x t e n s i v e ;  

Kohl i  e t  a l .  (1974) have de termined  a b s o r p t i o n  o f  75 t o  90 p e r c e n t  o f  the 

t g t a 1  d l e t a r y  i n t a k e  o f  t h e  csmsound. Qnimal  s t u d i e s  nave icdicater' -,bat 

t h e  g a s t r o i n t e s t i n a l  a b s o r p t i o n  o f  2,443 esters may be less e f f i c i e n t  t n a n  

t h t  of  t h e  f r e e  acia o r  s a l t  form o f  t h e  compound (NRCC, 1978). 

D. E x c r e t i t n  

El imina t ion  o f  o r a l l y  admin i s t e red  2,&-0 by humans i s  p r i m a r i l y  

t l i rzuch t h e  u r i n s  (95.1 p e r c e n t  o f  the i n i t i s i  c o s e ) ;  t n e  i iai i- l ife of  t k e  

compound i n  t h e  body has been estimated a s  17.7 hour s  ( S a u e r h o f f ,  ? t e a l .  

1 ? ? 6 ) . _  C l a r k ,  e t  a l .  (1964) have regorted u r i n a r y  e l i m i n a t i o n  o f  96 p e r c o n t  
_. ~ ~- - 



of  an o r a l  dcse of labelled 2,O-G within 

1.6 percent  of the  administered dose was e 

72 hours by S h e ? ;  

The plasma ha l f - l i f e  of 2,L-O has been estimated t o  be frcm 11.7 

1'1. E E C T S  

A .  Carcinogenicity 

Innes, e t  a l .  (1969) reported no s i g n i f i c a n t  i nc rease  i n  tumors 

fallowing feeding of mice w i t h  2,L-o f o r  18 montns. A two-year feeaing 

s tudy in rats d i d  i n d i c a t e  an i n c r e a s e  i n  t o t a l  tumors in females and malig- 

nan t  tumors i n  males following feeding of t e c h n i c a l  2,a-D; a parallel study 

w i t h  ccss fed t e c h n i c a l  CCIrFOUnd d i d  no t  show c 2 r c i n o p n i c  effects (Hansen, 

1972). 

C. Te ra t cgen ic i ty  

Testing o f  2 , M  and i ts  n-butyl, i sopropyl ,  and i s o o c t y i  esttrs 

Therz ' ~ 2 5  a i n  pregnant mice produced no s i g n i f i c a n t  teratoGenic effects. 

e 
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s i cp i f i c sn t  incresse i n  c l e f t .  pa la te  deformities a f t e r  adm;n:-L- .IIAl blation of the 

orcoylene glycol b u t y l  e ther  e s t e r  of 2,L-O (Courtney, 1974).  

Subcutaneous in jec t ion  o f  t he  two isopropyl e s t e r s  and t h e  iso- 

oc ty l  e s t e r  o f  2,rC-D i n  pregnant mice has been reported t o  proauck te ra to-  

UI,.A , , bI-3 ---, ci a l .  -, ),  Q-CL,IUU9)11 u ,z vl.l:u v ~ ? ~ k l ~  LS& is, 

i t s e l f ,  a teratogen. gage, e t  a l .  (1973). have a l s o  reported . t e ra togenic  ef- 

---:- 2ze=+- f l - . - , : - 7 7 5  -4. '067\ - -  I.L?..-C. LL - a # - -  

f e c t s  i n  mice following in jec t ion  of 2,rC-D. 

Orsl adrninistraticn of  2,114 t o  hamsters resul ted i n  t k e  CZZC'JC- 

t i on  o f  some t e r a t a  (Col l ins  and Williams, 1971). Ztudies wi th  rats report-  

ed t h a t  o r a l  adnin is t ra t icn  o f  the parent ccmpound o r  its i s o o c t y l  ant  k u t y l  

e s t ? r s ,  an6 butoxy ethanol and dimethyiamine s a l t s ,  produced teracoqenic e?- 

t h a t  a t  d ie ta ry  leve ls  up t o  500 ppm, no reproductive effects are produced; 

a t  l eve ls  of 1,520 ppm, a decrease i n  survival  and bCQ weignts of weanlings 

was observed (:-lansen, e t  31. 1971). 6Jork lund  and Erne (1966; r5ported no 

adverse reoroductive e f f e c t s  i n  r a t s  fed 1 , O G O  mg/l 2,b-0 i n  drinking w a t k .  
- 

- .- . -  - I  .- - - 
. . . - - . . . . 
J 



E. Chronic Toxici ty  

Animal . s t u d i e s  wi th  prolonged o r a l  a t iminis t ra t icn of 2 , L 3  cr its 

m i n e  s a l t  have ind ica t ed  r e n a l  and hegatic effects (8jOrklund ana Ezne, 

i971; 8 j o r n  and Northen, 19a); t h e  chemical p u r i t y  o f  t h e  material adminir- 

t a r z d  is nGt kzewn. A fa&;;lg study i n  rats has r2cOrtS.d histcpa;helc$zL 

l iver  changes a t  d i e t s r y  l e v e l s  o f  2,l-O equ iva len t  t o  50 mg/kg (Dow Chm- 

ical ,  1962) .  

V .  AWATIC T O X I C I N  

A. Acute Toxici ty  \ 

me National Research Council of  Canada (1978) has reviewed t h e  

% x i c  effects of 2,k-O t o  fish. FGi the  3 h s ~ i L l  rmfisb :Ls=tmiS 

;r,zsrzc!?lrcs),, 2,L-2 ac id  and ?,LO di,zet!?yl amine 3rsdc;:ed :;xi: e f c t c t r  st 

concen t r a t ions  g r e a t e r  than 100,000 pg/l. A t  2,O-D concen t r a t ions  of 50,000 

.- elnil '= o r  l e s s ,  cc i nc reasee  m c r x a l i t i s  were i e Z O X - O f  excec: i n  pink szlmcr.. 

yg,':, r z sgec t ive ly  . 
For o t h e r  f i s h  speclhs, t h e  r e s u i t s  follow 2 SimifJr tr%C i n  t R a C  

t i e  _. 5 s t e r s  t m d  ?a be more t.2xic than o t 5 e r  foimuiations.  UoonEc, 9t 3 : .  

- e , . -  
-=ac= of VG:kL; f~rZu:;:k73 ;; &,Ad 3 : 2 . G  5 G L i X r l  ?; , I .  ,= --, , G )  c-ndl;~~~~ - - -- - 

and f i n g e r l i n g s  (Crmrkvcus KitutcFI), chm s a h c n  fzy (2. s), ?ink Sai.;iGn 

fry (0. - a o r b s c h a ) ,  scckeye salmon smolts  (2. - ner!r<a), Colly Varden 

(Sa lve l inus  m a h a ) ,  and rainbow trmt (Salmo s a i r d n e t i ) .  me bu ty l  ester 

was t h e  most t o x i c  ester tas ted,  w i t h  c m c e n t r a t i q n s  of 1,000 p g / l  cr  ' . 

g E a t e r  prcducinq nea r ly  ~ C O  percent  m o r t a l i t i e s  i n  a l l  szeries tested. 

CGE ester was similar i n  t o x i c i t y  t o  t h e  b u t y l  ester. Rainbow t r s u t  GerE 

remrted t o  have shown a b8-hour LCSc value of  1,lco ,cs/i on exposure t o  . 

77-9 
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the PGaE ester o f  2,b-0.  Karlequin f i s h  (Rasbora hetercmoroha) showed a 

48-hour LC50 value of 1,cOO p9/1 on exoosure t o  t h e  Butoxyethyl ester o f  

2 , & 3  (Nat ional  Rssearch Council o f  Canada 1978). Renwoldt, e t  a l .  (1977) 

;lave oosEiv2a %-hour LC50 values  o f  26,7GC ; 60,3CO ; 70,100 ; 7C, 7CC ; 

91,600; 96,500; and 300,6CO pg/l fm banded k i l l i f i s n  (Fundulus diaohanus) 

white perch (Rcccus americanus) , s t r i p p e d  bass (Yorme s a i a t i l i s )  , guooies 

(Lib is tes  r e t i c u l a r u s ) ,  oumokinseed s u n f i s h  (Leoomis o ibbosus ) ,  car0 

(12vxirus  c a r z i o ) ,  a id  omericrn eel ( n n c u i l l a  ccstr3t3), res?ectively, 

exoosed t o  cmmercial t e c h n i c a l  grade 2,b-0. 
\ 

Sanders (1970) conducted a comoarative s tuay on t h e  t o x i c i t i e s  o f  

L-=- ab values rzinging from 2,203 t o  2,700 ,ug/l .  Seraers  anc Coos (i36S) 

r ezo r t ed  a 96-hour.. LC50 value of l,;zo MJS/: f z r  s t z r e i l y  na iads  

(Dter3narcv c a l i f o r n i c a )  exposed t o  the  b u t c x y e t h a m l  e s t e r  of 2,L-D. Tech- 

n i c a l  grade 2 , 4 4  produced a 96-hour LC50 value o f  lk,CCO pg/1. Robertson 

11,570 pg /1  for  copepods (Cycloos v e r n a l i s )  n a u p l l i  excosed t o  2 , k 4  a s  ,free 



Pmong marine i n v e r t e b r a t e s ,  t hose  o f  commercial s i g i f i c a n c e  have 

&en examined f a r  t o x i c  effects on excosure t o  2 , b 4  fOMtUlZtiOhS. e u t l t r  

(1965) dettrmined t h e  96-hour median e f f e c t i v e  c c n c s n t r a t i c n  based on she l l  

gr3wch f o r  o y s t e r s  as lOO p g / l  f o r  the ? E 5  ester of 2,a-3. The 2,L-C aci: 

had no cetectable effect a t  exposures o f  2,OCO pg/1 f o r  96-%~urs. Bu t l e r  

(1963) observed paralysis of brown shrimo (Penaeus az t ecus )  exposed to  2,k-O 

a c i d . a t  a concentrat ion of  2,GCO pg/ l  f o r  48-hours. Sudak and C la i f  (1960) 

found a 96-hour Lcjo value of  S,GGO,OGO ug/l  for- f i c d k z  cracs (G 

- oucmax) exposed t o  2,O-D. 

McKee and wolf (1963) have revieved t h e  t o x i c  effects cf 2,b-O t o  

T2:xic c c c c o c t r a t l c n s  85 IC:;. ZS l , t S C  ;:g/: ;XCLZX 3 "L' 
- Z S ~ ~ Z T , ~ C  srgenisms. 

zercsnt m c r t a l i t y  f o r  f i n g e r l i n g  b l u e z i l l s  exoosed t o  2,3-3 t u t y l  e s t e r .  I n  

nomoral, y-. .--- esters of 2,b-D *#ere repcfigs ts 52 zzze t ex i t  ;>an s z d i ~  s a l t i  of 

2 , k - o .  

7 -. Cl'lizniz T q x i c ' : L  . - 'C"'/ 

Rehwolat, e t  a i .  (i970) exposea s e v e r a l  species o f  f i s h  t o  1CO 

~ s / l  2,L-g far t ~ n  m n t h s  and cErtrved no o v e r t  tifzstr 3 =,ny ttstt'! 

seeslts. Y e  ;erczr,t r d m t i c n  o f  : i s in  aceiylc3linesttras-2 rzn52c ',em i6 

percent  In  wnite  oercn t a  35 ce rcen t  i n  Pmerican eels. I n  Sreening exceri- 

ments w i t n  guppies,  a 1GO gg/l. concentzat ion of  2 , k - O  had no s i g n i f i c a n t  ef- 

fect cn the reproduct ive procoss of tFe species ur.Cer experimental  c c ~ i -  

t f o n s .  Ccpe, e t  a l .  ( 1 9 n )  exmined  the chronic  9ffects of F E E  tsfzr 5f  

2,0-0 t o  b l u e g i l l  sun f i sh .  Fish were exposed t o  t he  hemiciae i n '  o n e e i g h t h  

a c x  ;cr.cs c s n t a i n i q  icitizl z s n c s z t r a t l r n s  c f  up t a  --,A" k ; / - .  n;-,-3- 

t i o n s  i n  spawning a c t i v i t y ,  and the occurrence 07 patholoGical l e s ion?  Of 

t h e  E v e r ,  b r a i n ,  and vascular  s y s t z n  'were repcrted f o r  a oe r i cd  of uo t o  8O 

* * 1  i g c  ~p -a- 

a 

a 

a 
, .  



days. Mount and Stephan (1,067) exposed ?- inch f a t h e a d  mLr.nc;;s ( Pimemales 

o r a n e l a s )  t o  a con t inuous  series o f  c o n c e n t r a t i o n s  o f  t h e  bu toxye tnano l  

ester o f  2 , & 4  r ang ing  f rom 10 t o  310 ,ug/l f o r  a lO-conth OeriOd. No ceaths 

o? G e l e t e r i o u s  effects,  i n c l u d i n g  acncrmal  szawning a c t i v i t y  anc  zeduced 

s*Lz.,:,,-l "-,a- n: o p c c  =-c- I A C . l .  ~ X ; S S ~ C !  f i s h ,  :.rere C Z S ~ Z * / P _ ~ .  

I n  s t a t i c - r e n e w a l  tests, Sigmon (1979) r e o o r t e d  tha t  tf;e p e r c e n t  

oupa t ion  and t h e  p e r c e n t  emergence o f  Chironomus l a r v a e  were s i g n i f i c a n t l y  

rsrfucocf by excosc re  t o  1,0CC o r  3,000 pg/1 l,b-0 (acid e p u i v a l c n t  i n  'tleedcne 

LV-4 fo rmula t ion ) .  

Sezn e f f e c t i v e  i n  c o n t r a l l i n g  a number o f  species. 
- . - .  - ~ 
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0. Resiiue 

cepe, e t  a l .  (1970) examined residues of the P S E  e s t e r  o f  2,4-3 

i n  the freshwater vascular p l s n t ,  Potsmocston ncdosus, Ln a one-eight,? acre 

gond treatea w i t h  single 100 t o  10,000 pg/1 applications of the cnernicli. A 

gradual GeDEltticn af me herbicide t o  insignificant levels ~J&S cierncnstratsc 

w i t h i n  three months. 

Schultz and Gangstad (1976) rEcorted that the flesh Of f i S n  ex- 

cosed t o  2,h-O dinethyl sod im salt i n  pcnds treated w i t 3  frcm 2 . 2 b  E3 3-95 

kg (as an acid equivalent) o f  the chemical d i d  not a t ta in  the 100 pg/1 level 

realizzd in the water two weeks af ter  applicaticn. 

The National Zessarch Council o f  Canaaa (NFiCC) (1978; has reviewea 

t% biccg:csctrz:icn data z d  asscciated resfeces cf 2,1;-5 I;: a ? L K ~ Z  C? 

studies. NRCC indicated that a relatively short  half-l ife of less than two 

5icccncentrated the 2,k-O acid by less than C.2. 

VI. EXISTING GUICELINE- 

A. Human 

The acceptable d a i l y  intake of 2,Ir-O fo r  humans has been es'c3D- 

' . I  , 
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i3ISCLXIMBR. 

This report represents a s u r v e y  of t h e  p o t e n t i a l  h e a l t h  
and envirDnmentz1 h a z a r d s  from ex?osuro to t h e  s u b y e c t  chemi- 
c a l .  The i n f s z z z t i c n  c s z t z i z c d  ir, t k o  r o p o r t  is drawn c n i e f l y  
f r D m  s e c o n d a v  s o u r c e s  and a v a i l a b l e  r e f e r e n c e  documents.  
3 e c a u s e  or' t h e  l i m i t a t i o n s  of s u c h  sources, t h i s  short ?raf i l e  
may n o t  re f l ec t  all a v a i l a b i e  information i n c l u d i n g  all the  
a d v e r s e  h e a l t h  acd e n v i r o n m e n t a l  impact s  ? r e s e n t e d  by t h e  
s u b j e c t  c h e m i c a l .  T h i s  docuinent h a s  unCer5cze strxtrny 3 
e n s u r e  i ts  t e c h n i c a l  ac=uracy.  

A**- 
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1!2-DIC!iLOROP40P.~NE 

Summary 

Tne rnalnr envixrmenr:l source o f  d i c n l c r o o r o o a n e  i s  from 3-e IJS? $;f a 

On T i x t u r e  o f  d i c h l o r c p r c o a n e s  and d i c h l o r s g r s p e n e s  2s a s o i l  f u m i g m t  . 
c n r a n i c  exposurE of rats t o  d i c h l o r o o r c g a n e s  t h e  o n l y  c b s e r v e d  effect  was a 

lack of normal  wei$nK Gain. There i s  nu o v i d e n c e  tSat d i c h l s r c p r s p a r e s  ar? 

. . . . . . . .  
. .  .~ . - _  - - -  
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I,2-.3ICFLORCPRCPANE 

I. INTROOtiCTIGN 

This p rg f i l e  is based on t h e  Ambient 'NEter Cual l t \ /  Zsiteria O o c . f m ~ ~ t  

f o r  Oicnloropropanes/Dichloroprcpenes (U. 5 .  €3, 1979). 
.- --, i , 23 ich lo rcp ropane  <i,2-iZcT moiacuiar weignt 11~. 17 I i s  a ficluid ZC 

envimnmental temperatures. . .  This isomer o f .  dic5lorooropane has  a SoiLng 

point  o f  96.aoC, a dens i ty  o f  1.156 g/rnl, a vapor przssurz of  40 rnm 'w a t  

??.k°C a x l  a water s o l u b i l i t y  o f  270 rng/lCC ?it 2coc (U.5. 3 4 ,  1?7?>. 

Mixtures o f  lT2-dic91ompr=rpane.md cis-trans-L,3-di~hloropropene are used 

a s  s o i l  fumigants. For the  purposes of. d i scuss ion  in t h i s  hazard p i a f i l t  

d c c m e n t ,  d i z h l c z p r 9 p z n e  rofors  t o  t h e  1,2-cir:l2r3r272ne iscmor. Wo? 
. .  . .  . . . 
r!ctctd ts 5ecsmposlticn t m c e r a t u r e s  , 1, 2 - C i c ~ i x ~ e r = s z 4 ~ e  zmi;s n:;r.iy tzxiz 

fumes of phosgene (Sax, 1975). 

T C  C'mCltP= __.  =S. d-u-.& 
,q . :o-- ac 

.I;--- 

l ~ n c ,  and ficm mwicisal eff le .nts .  This  ccrccccd was i&clti?l?i ?ut p.cZ 

zl;a:';ifiecf in >!en,/ zrina;,s d=.icki.r.; .;tt~f (Scwty, 2: 2:. 1975;. 

5. Fooa 

i n f o m a t i o n  was not found. cgncerning tbe c m c e n c r a t i c n  of diznlcro-  

przpane i n  c o m e r i c a l  foods tu f f s ;  t he re fo ra ,  t he  amcunt 3f  t h i s  ccmpound i n -  

gested Sy humans 'Lhrougn food is not known. The U.S. EPA (1379) has s t i -  

mated the bioconcentrat ion f a c t o r  (XF) of  dichlorzoigpane t o  be 20. This 

estimate is basea on the octanol/wafer p a r t i t i o n  c 3 e f f i c i o n t s  of  dirhloro-  

Jrooane. The weighted a v e z q e  SG' f o r  e d i j l e  p o r t l c n s  o f  a l l  aqua t i c  orGan- 

isis consumea by Americans is c a i c u l a t e d  t o  Se 5.3. 
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C. Inhalation 

Atrncspneric Levels of aicnloroprcpane have not been posi t ively 

a e t e n i n e c .  However, it is known tha t  5-10 percent o f  t h e  dicnloroprcpane 

is zcpl ipd t o  '_he s2il 1-5 3 f ~ ~ i m a ~ t  -Y-  is Fnln=cad -"^----- i- -- Lh3 -4.- c-- -:- Irk---- \ I ..-.. ,C' 

and F?cKeurj, 1973). 

111. P!-IAREAACOKINETICS 

A .  Absorptisn, D i s t r i h t i o n  and Metabolism 
. .  - -  

?er t inent  aaca c w l a  not 3e lccacea i n  ava i lac le  - I  L i t z T S L U i z  

searches regarding the  absorption of dichloroprcoane. 

8 .  Excretion 

s tudy  cannot be made. 

9. Mutagenicity 

DeLorenzo, e t  a i .  (1977) and aignami, st a l .  (1977) b showed 

dichloroorooane t o -  be- mutaqonic i n  -2. tvorkmrlum s t r z i n s  TA . 1535 _ .  3rd TA 

2 nn 
LClU. -a!!!!.-. Dichloroormane has also been shown t o  cause n u t a t i m s  i n  2 .  n i c d a n s  

- ------------- 
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( a i g n m i ,  e t  a i .  (19771, and t o  cause chromoscmal a b e r r a t i o n s  i n  rat  'zcne 

marrow (Drapsanu  and Goldsts in ,  1975). 

C. Teratogenici ty  

? s r t i r , an t  ~ z f : ~ ~ t ~ ~ z  scdi z c t  be L ~ C Z ~ S S  in : v ~ i l & h  l i t e r a t L i z  

I searc3es r e g a d i n g  t e r a t o g e n i c i t y .  

0. Other Repruauctive Effects 

P e r t i n e n t  information could not be located regarding o t n e r  reDro- 

scctive effects. 

E. Chronic Toxici ty  

P e r t i n e n t  information could not  be loca ted  i n  a v a i l a b l e  l i t e r a t u r e  

searc%s z < a r = I . i ~ ~  ~!!=:nic t ~ x i ~ i t y  stl;Cies of d i ~ > l C Y X i s c ~ r t s  Z X Z ~ S ~ ~ T ~  i;l 
8 

hunans. In one study by Keppel, e t  a l .  (iF45) rats, guinea p i g s ,  ana ocas 

were exposed t3 4CO ppm of diC5lOrCDrxane f o r  129 :3 100 d a i l y  seven hx: 

ser lzc  (given five aays per weeu;. The oniy z f f ~ c t  ooseivea was a cecrossclc] 

iei5r. t  i n  X t S .  

rntczxhirus, uoon exposure t o  :,Z-dichlorbciopane were 28C,;iCO,. and 323,ZCG 

pg/l  (Oawscn, e t  a l .  1977; U.S. E?&, 19781. iil t n e  cnly freszwater inverct-  

brate study reported,  t h e  &&hour LCso fOi Daohnia macna is 52 ,5CO uq/i 

(U.S. P A ,  1979). Tidewater silverside, (Yenidis  b e w l l i n a ) ,  has an 

cbserved 96- hour LC% of 240,CGO p g / l  (Oawson, e t  a i .  1377). 

8 .  C m n i c  Toxicity 

C h r m i c  data are not available f o r  any saltwater o r  freshwater 

soecies .  



a C. P l a n t  Effects 

The p h y t o t o x i c i t y  of  1,2-d ich loropropane  has n o t  been- inves t iga t ed . .  

0. Residues 

'No i n fo rma t ion  a v z i l a b l e .  

V I .  EXISTING GUIDELINES AND TTfiNDARDS 

Neither t h e  human h e a l 3  nor  t h e  a q u a t i c  cr i ter ia  derived by t h e  U.S. 

€?A (19791, which are summarized below, have gone through the p rocess -  of  - 

p u b l i c  review; t h e r e f o r e ,  there is a p o s s i b i l i t y  t h a t  chese c r i te r ia  \ v i 1 1  o e  

changed. 

- 
.. 

A. Human 
3 The TLV fo r  d ich lo roorccane  i s  75 ~ c m  ( 3 3  mg/m ) (Pm. C w f .  k v .  

(U.S. -- a - A ,  1979). 

r x u l s  n c t  exceed 2,lC3 p ~ / 1  a t  any tixe. Z z i i z r i a  &re nocc availabie foi 

7 8-7 
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DISCLAIMER 

This report  r e p r e s e n t s  a survey of the  p o t e n t i a l  h e a l t h  
and  e n v i r o n m e n t a l  h a z a r d s  f rom exposure t o  t h e  s u b j e c t  chemi- 
zzl. T h e  Lnfo?rmstFzr? c z n t a i r ? e d  i n  t h e  report  is drawn  c h i e f l y  
f rom s e c o n d a r y  s o u r c e s  and  a v a i l a b l e  r e f e r e n c e  ioc -&zenks .  
a e c a u s e  of t h e  l i m i t a t i o n s  of such saurces, t h i s  short p r o f i l e  

adverse  h e a l t h  and  e n v l r o n m e n t a l  i m p a c t s  ? r e s e n t e d  by t h e  
s u b  jctt c h e m i c a l .  T h i s  Zscuxiefit h=s :r.!erc;on% s c r u t i n y  to 
e n s u r e  its c e c n n l e a l  accaracy. 

may n o c  r e f l e c t  a i l  a v a i l a b i e  i n f o r z a t i o n  i n c l * - a i n c  C L Y  * * A 2  211 ',kc 



. The major environmental source of dichloropropanes and 

dichloropropenes is fr& the use of these conpounds as soil funi-  

gants. Some mild kidney damage has been ooservea in rats cnroni- 

cally exposed to 1,3-dichlorpropene. Both dichloropropane and 

- -dichloropropeae have been shown to be mutgenic in the Ames assay 

test. Data are not svailcble to prove conclusively that tSese 

compounds are chemical carcinogens. 
- I  

Aquatic toxicity studies suggest that the acute toxicity 

c C  of the dichloropropcnes decreases as the dist3ncoc between crre 

chlorine atoms increases. As =n - esasple, the re_oortea 96-iiour 

LCso values for the bluegill, Lepomis macrochirus, for l,l-, 

L,2-., and i,3-eicklo:~gropana 316 97,3SC, 286,363, 2r.e ;:P+CPT 

,onding re9orted 48-hour  LC-. values 2 x 0  23 ,900 ,  53 ,000 ,  225 

292,000 p s / l ,  ros2ectively. Sinilar results have bean obtzinei 

with marine orsanisms. 

2 U  

The dichioroprassnes zzc! cansiaerabiy sore toxic in acute 

oxposure .than the aicnloropropanes. . For 1,3-iic?!lorarcpene, 

the 36-hour LCjo value for the bluegill is 6,060 pq/l compared 

to 520,000 pg/l for  1,3-dichloropropane. 

the corresponding values are 6,150 and 282,000 pg/l, respectively 

The ZC50, Sased on chloroghyll - a for a freshwater alga, is 4,950 
pg/ l  for 1,3-dichloropropene, and 48,000 for  1,3-dichloropropane. 

Data on measured residues could not be located in the available 

For DaDnnla magna, 

. 
literature for any saltwater or freshwater species. 

1 .  1 
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I. INTRODUCTION 

This profile is based on the 

Document for Dichloropropanes/Dich 

Ambient Water Cluality Criteria 

cropropenes ( U . S .  EPA, 1979). 

Dichloropropanes (molecular weight 112.99) and dichloropro- 

penes (molecular weight li0.97) are liquids at environmental 

temFeratures. Their boiling points range from 76 to 120.4OC 

depending on the compound and the isomer. They are slightly 

denser than water, with densities ranging from 1.11 to 1.22. 

The principal uses of dichloropropanes and dichloropropenes are 

as soil fumigants for control of nematodes, in oil ana fat sol- 

vents, ana in dry cleaning ana degreasing processes (Windholz, 

1376). When heated ;a decomposicion temperatures, l12-dicnloropro- 

pane emits highly toxic fumes of phosgene, while l13-dichloropro: 

? m e  g i v e s  o f f  toxic fmes  of chioriies (Sax, 1475). ?:scucticn 

- 

sf zixtnres of dichloro~;c~anes/dic~~c~o~ropenes approacn5ci ou r e  

I 
miiiion pounds per year pr ior  to i475 !rj.S. 3PA, 1979). 

11. EXPOSURE 

A .  Water 

DichlorcFroFanes and dichloropropenes can m c 2 r  the 

aquatic environment in discnarges from industrial and nanufactx- ’ 

ing processes, as run-off from agricultural land, ana from munici- 

pal effluents. These compounds have been identified but not 

quantified in New Orleans drinking water (Dowty, et al. 1975). 

B. Food 

Information was not found in the available literature . 
concerning the concentrations of dichloropropanes and dichloro- 

_. . 1  

.-_ 

propenes in commercial food stuffs. Therefore, -the amount*’of 

these compounds ingested by humans is not known. The U.S. EPA 



8 .  . , I  ' ' * '  

(1979) has estimated the weighted average bioconcentration fac- 

tors ( B U S )  of dicnioropropanes ana dicnioropropenes to range 

between 2.9 ana 5.8 for the edible portions oZ fish ana shellfish 

consumed by Americans. 

water partition coefficients of these compounds. 

This estimate is based on the octanol/ 

C. Inhalation 

Atmospheric levels of-.dichloropropanes znd dichloro- 

propenes are not known. 

these compounds to the air after land application, it was esti- 

rnated.that, in California alone, about 72 tons (8 percent of 

the pesticide used) were released to the atmosphere In 1471 !Calif. 

State Depc. Agric. 1971). - 

However, from information on loss  of 
- I  

~ 

111. . PHAlWACOKiXETICS 

A. Xbscr?tion, 3istribiizicn. and Xaca3olisa 
. .  ?=rtinent izisraation zeca:dinc :.';= a=sor?cizn, cis-  

- - ; C , . c < - r  ..--I..--rr.., x 5  rietabolizz 3: t h e  5 i z h k z = ~ z = ~ z z ~ s  zixj t i=Xzz=oro -  

Tenes corrld not be locattd in ti's availabie iniorsacion. 

9. Sxczetion 

No human data are availaDle on che excretion oi aichlor- 

c?ropanes or dichloraprcpenes. 

of an orally administered dose of dicnloropropane or dichloropro- 

pene was eliminated by all routes within 24 hours (Hutson, et 

al. 1971). ApEJroximately 50 percent of the administered dose 

I n  the rat, SO to 90 Fercent 

was eliminated in the  urine within 24 hours.' 

IV. EFFECTS 

A. Carcinogenicity 

Information concerning the carcinogenicity of mixtures 

of aichloropropanes and dichloropropenes could not be loczted 

+ 
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mg/l, respectively (U.S. EPA, 1978). These data suggest that 

toxicity decreases as the distance between the chlorine atoms 

increases. 

6,060 p/l for the blueqill, aporoximately two orders of magni- 

tude lower than for 1,3-dichloropropane ( U . S .  EPA, 1979). Under 

static test conditions, reported 48-hour LCs0 values for  l,l-, 

1,2-, and 1,3-dichloropropanes ars 23,000; 52,500 and 282,000 

A reported 96-hour LCs0 for 1,3-dicnloropropene is 

pq/l, respectively, (U.S. STA, 1978) for the only freshwatsr 

invertebrate species tested, Daphnia magna. 

value for 1,3-dichloropropene and Daphnia magna under static 

conditions is 6,150 pq/l (U.S. EPA,  1978). 

. I  

The 48-hour LCs0 

Tbe 96-hour LCs0 vzlues - for the s a l t w a t z r  sheepsheed 

iainnow, Cyprinodon variegatus, exgosed to 1,2-dichloropropane 

2nd 1,3-cichloroprc;~2 ~ 2 f e  a 6 , 7 0 0  ps,*'L an: 1,770 ;?s,'l, 
- .. 

resj?zc- 

= i V P l L J  !rJ.S. Z?A, 1973). Sawson, et al. (1977) obtzinei- 3 9 6 -  

LCSc sf 240,000 p,'l f x  t h e  t L Z ~ w a t e z  ;il-:z:si2=, ::tzi2iz '--..- 
. . J I I L  

1' ier-.llina fcr exgosure ts 1,2-dichloropropane. 

For Mysidopsis aakia, the 96-hour LCso for 1,3-dicklszo- 

Sropene was one-thirteenth tnar for 1,3-dicnloroprooane, 

790 p~/1 and 10,300 ~s/l, iespecti-Jely (U.S. EP.4, L 9 7 8 ) .  

i.e., 

B. Chronic Toxicity 

Chronic studies age limited to one freshwater study 

and one sal'twater study. In an embryo-larval test, the chronic 

value for fathead minnows, PimeFhales promelas, exDosed to 1,3- 

dichloropropene was 122 pq/1 ( U . S .  EPA, 1978). The chronic value 

for mysid shrimp, Mysidopsis bania, was 3,040 pq/l  for 1,Z-di- 

chloropropane in a life cycle study (U.S. EPA, 1978). 

-E#- 
. .  

1 , '  , )  
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C. Plant Effects 

For l,3-dicnloropropenef the 96-hour ECS0 values, 

based on chlorophyll - a concentrations and cell numbers of the 
fresnwate-r alga, Selenastrsm croricornutna, :.]ere 4,950 pg/l a i d  

4 ,960  ,ug/l, respectively. 

1,:-dichloropropane were 48,000 and 72,200 pg/l. Thus, the pro- 

pene compound is much more toxic than the propane compound, as 

is true for the bluegill and Daphnia magna. 

The respective values obtainsd for 

- 
D. Residues 

Measured steady-s tate- bioconcentr at ion factors (BCF 1 

are not available for any dichloropropane c5z aic!?lcra?rzpene 

i n  any f:esh 0: saltwater s2ecies. - Based on octanol/water coef- 

ficients of dicnloropropanes and dichloropropenes, the U.S .  'EPA.. 

;13 ,73 ;  kaa estimated t k e  biocoricentration faczors ZSK :Lese com- 

in the aon-aquatic environment, movemenr: of 1,2-dicnloro- 

2rspane in the soil results f:sm diffusion in the vapor ? h a s t ,  

as these compounds tend to estaDlish an equilibrium between the 

vapor ; k s e ,  water and absorbing 2hases ilsiscra, A ~ I U ) .  1,2- 

dichloropropane appears to undergo minimal degradation in so i l  

with the major route of dissipation appearing to be volatiliza- 

tion (Roberts and Staydin, 1976). 

. --e 

Following field application, rnovement'of 1,3-dichloropro- 

pene in soi l  results in vapor-phase diffusion (Leistra, 1970). . 
The distribution-of 1,3-dichloropropene within soi ls  depends 

on soil conditions. Tor example, cis-1,3-dichloroDenzene is 

chenicalfy hydrolyzed i n  moisr: soi ls  to the corresponding cis- 

.. . . -  c -  - ~~ ._ 



3-chloroalkyl alcohol, which can be microbially degraded to  car- 

bon dioxide and water by Pssudornonas s?. 

V I I .  EXISTING GUIDELINES XVD STANDARDS 

(Van Dijk, -1974) .  

Ne i the r  t h e  human health nor the aquatic c r i t e r i a  i e r i v e d  

by U.S. EPA (19791, which a re  summarized below, have gone through 

the process of p u b l i c  review; therefore,  there is a poss ib i l i ty  

-~ t ha t  these c r i t e r i a  may be cbanged. 

A. iiuman 
3 The TLV for aichloroptopane is 75 ppm (350 mg/m ) 

(Am. Conf. Gov. Ind. Hyg., 1977). The d r a f t  water c r i t e r i o n  

( U . S .  -A, 19791 Ear dichloroprogane is 203 pq,/i.  The d r a f t  

wacer c r i t e r ion  for dichloropropgnes is 0.63  Pg/L ([J.S. ELPA, 

1979). 

3. Aqcatic 
_ .  The irzft c r i t e r i a  for tzs c:cnioro?ro?anes acc d i -  

c ,nloropr=~ezos to  --- ,,,tzct fr2shzatsz t;t;atic :if2 S K S  as f s l . 1 0 ~ ~  

(U.S. EPA, 1979): 

Concentration n o t  
t o  oe exceeded 

Cornxc?d 24-Eour Xvera=e a t  zr!v t h e  

I, l-dichloro9ropane 410 pg/l 930 u g i l  

L,Z-dichloropropane 920 p/l 2 , 1 0 0  pg/l 

i,3-dichloropropane 4,aoo pg/i L1,ooo pq/l 

1,3-dic!1loropropene 18 ps/l 250 p9/1 

The d r a f t  c r i t e r i a  t o  protect saltwater species a re  as follows 

(U.S. EPA, 1979): 

79-9 .1... ' 



Compound 

i,l-dichloropropane 

1,2-dichloropro?ane 

1,3-dichloropropane 

1,3-dichloropropene 

24-Hour Average 

not derived 

400 ~ 5 / 1  

79 pg/l 

5 . 5  P9/1 

I 

- .  . ... -.- - - - -  - - . -  -. - . . . _  _ _ . _  



“ I  , . .., . .. 

O I ~ O R O f R O P A N € S / D I C H L O R O ~ O ~ S  a 
American ConPerence o f  Governmental Indus t r i a l  Hygienis’a . 1977. Domen- 
t a t ion  o f  the threshold limit values .  3rd. ed. 

Cai i rornia  3tate bpartment of Agriculture. 1971. S t a t e  pesticide use 
repart. ’ 

Oawson, G.W., e t  al .  1977. The acute tox ic i ty  of 47 industrial chemicals . 
t o  fresh and saltwater fishes. Sour. Hazard. Mater. 1: 303. 

Oowty, E., .et al. 1975. Halogenated hydrocarbons i n  N e w  Orleans drinking 
water a6d blood plasina. Science 87: 75. 

Heppel, L.A., e t  a l .  1948. Toxicology o f  1,Z-dichlompropane (propylene 
dichlor ide) .  IV. Effect  o f  repeated exposures to a low concentration of the 
vapor. Jour. h d .  Hyg. ~ o x i c d l .  30: lag.  

sa i l  fumigant 
M1. 9:  6 7 .  

Ocsezzs, 3.T. zc6 3. Stovdin. L375. . The cEzr3caticn z f  (2 ) -  arc 
(E; -1,34i- cnioroprooenes and 1 2 - d i r n l o r o p ~ e n o s  saiil. ozsC,f~. sci. 
7: 325. 

Sax, N.I. i975. Oangexus propert ias  o f  induszriai n a t e r i k r .  Reinholz 
aock Corp., N e w  Yo&. 

ToiKelson, R.R. ard F. Oyw. 1977. The tox ic i ty  o f  1,3-dichlompmPene as 
detemined by repeated ewosae o f  l a o r a c o r y  animais. ;our. An. k a .  rlyg. 
ASSOC. 38: 217. 

U.S. P A .  1978. In-deoth s tudies  on health and environmental irrx~ac’ts 07 
selected water pol lutants .  

U.S. F A .  1979. Oichloropmpanes/Dichlompmpe~s: Amoient Water Quality 
Criteria. ( D r a f t ) .  

Van Oijk, J. 1974. Degradation o f  1,3-dichloropmoenes i n  the s o i l .  
Agro-Ecosystems. I: 193. 

Van Ouuren, B.L., e t  al. 1979. Carcinogenicity o f  halogenated o l e f i n i c  and 
alipahtic hydrocarbons . 
Windholz, M., ed. 1976. The Merck Index. 9th ea. MerCk and Co., Inc., 
Rahway, N.J .  

Contract No. 68-101-4646. 

( In  p r e s s  1 . . 



No. 80 

Dichloroptopanol 

Health and Environmental E f f e c t s  

I 

U.S. EXVIROMIEXTXL T X O E C T I O N  X & X 7  
WASHINGTON, D.C. 20460 . 

APRIL 30, 1980 

- _ .  . - _ _  . - . .  . - .  



T h i s  report r 

DISCLAIMER 

p r e s e n t s  a s u r v e y  o f  t h e  p o t e n t i a l  h e a l t h  
and e n v i r o n m e n t a l  h a z a r d s  f r o m  e x p o s u r e  t o  the s u b j e c t  chemi- 
c z l .  The i n f c m a t i o n  c o n t a i n e d  i n  t h e  report  is drawn c h i e f l y  
from secondary s o u r c e s  and a v a i l a b l e  r e f e r e n c e  documents . 
a e c a u s e  of the l i m i t a t i o n s  of s u c h  sa~-fols,  t h i s  sho r t  p r o f i l e  
may n o t  r e f l e c t  all a v a i l a b l e  i n f o G a t i o : :  inclullng e l l  <?.e 
a d v e r s e  hea l th  and e n v i r o n m e n t a l  irngacts presented by t h e  
s u b j e c t  chemical. This ",c*&nlent h:as c a ~ o r q o n o  s c r u t i n y  t o  
e n s u r e  i ts  t e c h n i c a l  accAracy .  

. . .  b 
. .  

I .  



DICHLOROPROPANOL 

Summary 

There was 'nc evidence fcucd i n  tbe a v a i l a b l e  l i t e r a t u r e  ts i n d i c a t e  

t h a t  exposure ' to  dichloropropanol  produces ca rc inogen ic  effects. Conclusive 

evidence of mutagenic, t e r a t o g e n i c ,  o r  ch ron ic  effects o f  dichloropropanol  

was no t  found i n  t h e  a v a i l a b l e  l i t e r a t u r e .  ' Acute exposure r e s u l t s  i n  tox i -  

c i t y  similar t o  tha t  induced by carbon t e t r a c h l o r i d e ,  i nc lud ing  hepato- and 

nephrotoxici ty .  Data concerning t h e  ef fects of dichioropropanol  t o  a q u a t i c  

organisms was no t  found i n  t he  a v a i l a b l e  l i t e r a t u r e .  

- I  
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I. INTRODUCTION 

This p r o f i l e  is based on Computerized searches of  Toxline, B i O S i S ,  and 

Chemical Abstracts, and review of o ther  appropriate  information sources as 

avai lablp . Dir5lcmpmpanol (mslecular a e i p t  128.9 1 , a color less ,  viscous 

l i q u i d  with a chloroform-like odor, refers t o  four iscmers with the  male- 

,cular f o r m l a  c+&C1,. The phys ica l  p roper t ies  of  each isomer a r e  

given below. 

9o i l ina  Point Densitv Solubi l i tv  (Weast. 1976) 
Alcohol Ether - Water ,-, - 

2,3-Dichloro-l-propanol 182% 1.368 slight miscible miscible 
1,3-0ichlom-2-propano1 174% 1.367 very very miscible 
3 ,3-a i~hloro- l -prooanO~ 82-830C 1.316 not l isted 

*,O"' VET7 i ,l-Dichior0-2-prcpanol i u 6 - i L Z X  - . / 4 /  1 7=7& s l l $ t  -- J 

Additional physical  data and synonyms of the above isomers a r e  ava i l -  

able in Seiibron (130'51, Fai rch i ld  ( 1 5 i 3 ) ,  Sax (i9731, Hincnolz (14761, ana 

Verscnueren (1977). 

Dicnlorcpropanol is  prepared frcm glycerol ,  acccic  acic .  and hydzoqcn 

chkz:cje. X is used as a solvent fiJi hard r e s ins  a d  a i t z o c e l h l o s e ,  in 

t h e  manufacture of photographic and Zapon lacquer,  a s  a cement for ce l lu-  

l o i d ,  and as a binder f o r  water co lors  (nindholz,  1975) .  The ccmoound i S  

-ore: r=r5Z 4.- -- ..-____-- .d bs Eclezate f i z z  P'SZZii  when e x p t s S  ;=i Z Z Z ~ ,  f&X, Si Gxi- 

dizers, and a disaster hazard i n  t h a t  it may decompose a t  high twpera tu res  

t o  phosgene gas  (Sax, 1979). 

11. EXPOSURE 

Oichloropmpanol was detectable i n  the air of a glycerol manufacturing 

p lan t  i n  t h e  U.S.S.R. ( U p i n a  and Belyakov, 1975). Unreacted dichloropro- 

Panel was a l s o  found i n  the wastewater e f f l u e n t  of a halohydrin manufacfur- 

ing p lan t  (Aoki and Katsube, 1975). No monitoring data  a re  ava i lab le  t o  

ind ica t e  ambient a i r  o r  water levels of  t h e  compound. 



Human exposure t o  dichloropropanol  from foods cannot be assessed, due 

t o  a lack of monitoring data. 

Bioaccumulation data on dichloropropanol  was n o t  found i n  t h e  a v a i l a b l e  

l i t e r a t u r e .  

111. PHARMACOKINETICS 

P e r t i n e n t  data could n o t  be l o c a t e d  i n  t h e  a v a i l a b l e  l i t e r a t u r e  on the  

metabolismr d i s t r i b u t i o n ,  abso rp t ion ,  o r  exc re t ion  of  dichloropropanol .  

SI. EFFECTS 
- I  

\ 

A. Carcinogenici ty  

P e r t i n e n t  data could n o t  be loca ted  i n  t he  available l i t e r a t u r e .  

C. Tera togen ic i ty ,  Other Reproductive Effects and G'rronic Toxici ty  

P e r t i n e n t  data  could n o t  be l o c a t e d  i n  t h e  a v a i l a b l e  l i t e r a t u r e .  

0. Acute Toxici ty  

of 90 mg/kg. 

500 ppm by i n h a l a t i o n  f o r  4 hours. 

r abb i t  caused s e v e r e  i r r i t a t i o n  (Fa i rch i ld ,  1979). 

The lowest publ ished le tha l  concen t r a t ion  (LCLo) i n  ra ts  is  

A dose o f  6,800 ug i n  t he  eye of t h e  

~ , 3 - D i c h l o r o p r o p a n o l  was 

found t o  have a n  o r a l  LD50 i n  t h e  ra t  o f  490 mg/kg'and lowest publ ished 

l e tha l  concen t r a t ion  f o r  i n h a l a t i o n  exposure i n  rats of  125 ppm/4 h r s .  Ten 

. -  mg appl ied - -  t o  t he  s k i n  of  t h e  r abb i t  - f o r  24 hours produced mi ld  i r r i t a t i o n ,  

and 800 mg/kg was the  u350 f o r  t h e  same r o u t e  and species ( F a i r c h i l d ,  



Several references repor t  the c l i n i c a l  ind ica t ions  o f  acute  di-  

chloropropanol intoxicat ion a s  being similar t o  carbon te t rachlor ide  poison- 

ing, i.e., central nervous depression; hepatotoxici ty ,  including hepatic 

cel l  necxsis and fatty i z f i l t z a t i c n ;  and r ana l  t ox ic i ty ,  including f a t ty  

degeneration and necrosis  o f  the rena l  tubular  epithelium (Sax, 1979; Cos- 

s e l i n ,  e t  a l .  1976). 

V. AQUATIC T O X I C I P l  

Data concerning the effects of  dichlorcpropanol t o  aquat ic  organisms 
-. 

were not found i n  the ava i lab le  literature. 

a. t+msn 

The maximum allowable concentration of' dichloroorooanol i n  t h e  

working environment a i r  i n  the  U.S.S.R. is 5 mg/m3 (Lioina and Belyakov, 

1975). 

rr?e n a x b m  s l l w a b l z  c x c s t r a t i b n  in ZItss I waters f z i  :re zx- 
. ---. duction 3P a rkKing  xacsr is i rngii (vezscnueren, ~ - 1 1 ) .  

a. Aouatic 

The organoleotic l i m i t  i n  wat:er set i n  t h e  U.S.S..?. (1970) i s  1.0 

. mg/l (Verschueren, 1977). 



0 
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DISCLAIMER 

T h i s  report r e p r e s e n t s  a s u r v e y  of t h e  p o t e n t i a l  health 
and e n v i r o n m e n t a l  hazards  from e x p o s u r e  t o  t h e  s u b j e c t  chemi- 
c z l .  Tks i n f o m e t i o n  c o n t a i n e d  -in t h e  r e p o r t  is drawn c h i e f l y  
f rom s e c o n d a r y  s o u r c e s  and a v a i l a b l e  r e f e r e n c e  doca i i en t s .  
a e c a u s e  of t h e  l i m i t a t i o n s  of s u c h  s o u r c e s ,  t h i s  s h o r t  p r o f i l e  
may n o c  reElect a i l  a v a i l a b l e  i n f o r m a t i o n  i x L u 2 i n :  a11 t h e  
a d v e r s e  h e a l t h  and e n v i r o n m e n t a l  i m p a c t s  p r e s e n t e d  by t he  
s u b j e c t  chemical. T 2 i s  d s c m e n t  has c r d e r g o n e  s c r u t i n y  t o  
e n s u r e  its t e c h n i c a l  a c c u r a c y .  
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1,34IC!OROPROPB1E 

SUMMARY 

Th;e maj;r e w i r o m e n t d  SGUZ:~ a f  dich1orz;iopanes is f ~ o m  %:e LSE s f  z 

mixture of dichlompmpenes and dichloropropanes a s  a s a i l  fumigant. On 

chronic exposure o f  rats t o  dichlompmpene mild kidney damage was observed. 

Oichloropropene h a s  pmduced subcutaneous tumors a t  the  site of in jec t ion ,  

and has been shown t o  be mutagenic in bacteria. However, not enough infor-  

mation is available t o  classify t h i s  compound as a ' c a r k g e n .  

-. 

The b l u e g i l l  (Leoomis macmchirus) has a reported 96-hr LC50 value of 

6CG ).@I; Saohr,ia maana has a izported 58-hr Lc50 G f  0'15s J.ijB/:. FGi ?.-.C 

saltwater invertebrate ,  bfvsidoosis 'oahia, a r e p o ~ e d  96-m LC50 value is 

790 pg/ l .  In ttre only long-term study ava i lab le ,  the  value obtained for  

1,3-aicniompropene tox ic i ty  t o  iatneao minnows (?heohales  ororneles i n  an 

="k-yc-kval -...-- tzs'c is 122 rg.'l. &sed Gn ChlOrCp3 ; f l l  - a tmctr .czat ions end 

ce l l  numbers, t h e  9&hr ECSO values far  tke fiCG';iSZE!i Z&z %kZSSZr t ;T  

c 2 o r i c ~ m u t u n  m? 1,950 and 1,960 &/I, respectively: fa r  the marin2 a l g  

Skoktensma c o s t ~ t m ,  tne respective vahes are 1,CCC! 2nd 1,010 gg/ l .  



I. INTRODUCTION 

l i t y  Criteri 

f o r  Dichlompropanes/Dichloroprogems ( U. S. €PA, 1979a) . 
This p r o f i l e  i s  b-sed on t h e  Ambient Water Qu Docment 

1 ,34 ich lo ropropene  (molecular weight 110.97) is  a l i a u i d  a t  environ- 

mental temperatures. 

o f  101.3°C f o r  t h e  trans-isomer and 112OC f o r  t h e  cis-isomer,  and - the  - 

d e n s i t i e s  are 1.217 and 1.224 g/ml, i o spec t ive ly .  The .water s o l u b i l i t y  fcr ~ 

t h e  two isomers is approximately 0.275 percent .  When heated t o  

d e c m p o s i t i o n  temperatures,  1 , 3 4 i c h l o r o p r o p e n e  g ives  o f f  t o x i c  fumes o f  

The isomers of 1,3-dichloropropene have b o i l i n g  p o i n t s  

c h l o r i d e s  (Sax, 1975). Mixtures o f  cls- and t r ans -  1 ,3 -d ich?orcc r~oene  and 

I I. ' EXPOSURE 

A. !Jater 

Ci:klxspropzne can mcer the  aqdatic e n v i r o r z n c  i n  t h e  a i s z n a r g e s  

from i n a u s c r i a l  and manufacturing yr'ocsses, i n  IUF-C)?~ frm a m - i - t l l  1' -- - + I * -  ,,,al 

land,  or from municipal e f f l u e n t s .  T h i s  compound has been i d e n t i f i e d  b u t  

not  quan t i f i ed  i n  New Orleans d r ink ing  water (Dowty ,  e t  a l .  1975). 

B. Food 

Information was found i n  t he  a v a i l a b l e  l i t e r a t u r e  concerning t h e  

concen t r a t ion  of  dichloropropene i n  commercial foodstuffs .  Thus, the amount 

of t h i s  compound ingested by huinans is no t  known. The U.S. EPA (1979a) has  
- __ - .  estimated the weighted average bioconcentrat ion f a c t o r  ( E f f )  of  dichloropro- 

pene t o  be 2.9  f o r  t h e  ed ib le  po r t ions  o f  f i s h  and s h e l l f i s h  consumed by 

-----____- --- - -I_.____ 

QQa973---- -- 
0 



Americans. This estimate is based on the octanol/water p a r t i t i o n  c o e f f i -  

c i e n t  o f  dicnloropmpene. 

C. Inha la t ion  

Atmospheric levels of eic%cr2pzcFzco have not &en measured. iio'n- 

ever, it is estimated that about.  8 percent  of the  dichloropmpene which is 

applied t o  the  soi l  as a fumigant is released t o  t h e  atmosphere (U.S. F A ,  

1979a). 

111. WARMACOKINETICS 

A. Absorption 

Data on the absorption, d i s t r i b u t i o n  and metabolism of dichlompm- 

pene could not  be l x s t ~ ~  i n  the a'Jailat;fe l ikrs ture .  

3ata an the excre t ion  o f  dichlompmpene by humans m u l d  nut !x 

loca ted  in the  a v a i l a b l e  l i t e r a t u r e .  In the  rat ,  however, aoproximatoly e9 

t e r c e n t  of  an o r a l i y  a a i n i s t e r e a  dose of dicnioroompene was el iminated i n  

pene t o  a c t  as a tumor i n i t i a t o r  o r  promoter i n  mouse s k i n ,  o r  t o  cause 

tumors a f t z r  subcutaneous i n j e c t i o n .  Oichloropropene showed no i n i t i a t i o n  

or  promotion a c t i v i t y ,  and o n l y  local sarcomas developed i n  mice following 

subcutaneous adminis t ra t ion.  In none of the  s t u d i d s  were treatment-related 

remote tumors observed. b 

0.  Mutagenicity 

DeLOrenzo, e t  al. (1977) and Neudecker, et  a l .  (1977) reported that 

dichlompropene was mutagenic i n  2. tvohimurium s t r a i n s  TAlS35 and T A l O O  but 

no t  i n  TA1978, TA1537, o r  TA98. Resul ts  d i d  not d i f fe r  with o r  without c3e 



,addi t ion of liver microsomal f r a c t i o n .  Neudec'ker, e t  a l .  (1977)' found t h e  

cis-isomer t o  be twice as r e a c t i v e  as the trans-isomer. 

C. Teratogenici ty  and Other Reproductive Effects 

No p e r t i n e n t  informatisn regarding t h e  t e r a t o g e n i c i t y  and o t h e r  

reproduct ive effects could not  be loca t ed  i n  t h e  avai lable  l i t e r a t u r e .  

0. Chronic Toxici ty  

On exposure of rats t o  3 ppm dichloropropene f o r  per iod of 0.5, 1, 

2 o r  4 hours/day, 5 days a week f o r  5 months ( T o r k e l s m  and Oyen, 19771, or 

rats, guinea pigs, and rabbi t s  t o  1 or 3 ppm of di'chloropropene, 7 hours per 

day f o r  125-130 days over a 180-day pe r iod ,  only rats exposed 4 hours/day a t  

-. 

3.0 ppm snowed an effect (U.S. P A ,  1979a). The only effect  observed was z 

clctidy swel l ing of the r e n a l  t u o u l a r  epithelium which disapqesreo Sy 3 

months a f t e r  exposures ended. 

I!. a w a x  m I c m  
A. k c t e  Toxici ty  

Tescs qn t he  hlnp$11, Lozr-iz . x z z x k i : ~ s ,  V L t L d ~ d  a - r  70-177 ' 

LL50 
value of 6060 pg/l f o r  1,3-dichloroprc;ene exposure. For CaDhnia nacna, the 

68-hr LCjo value is 6,150 ug/l (U.S. P A ,  1073).  The cSserved 96-nr 

LC50 f a r  :>E saltwatei xy r id  snrirnp, blvsidoosis oania ,  is 790 pg/1 (U.S. 

-- 
CYH, 15-78). 

8. Chronic Toxici ty  

An embryo-larval test has been conducted wi th  t h e  fathead minnow 

(Pimephales promeles) and 1,3-dichloropropene. The observed ch ron ic  value 

was 122 pg/1 (U.S. EPA, 1979a). 

C. P l a n t  Effects 
* a  

Based on chlorophyl l  a concen t r a t ions  and ce l l  numbers, the  96-hr 
- *  - .  - -  

EC50 values f o r  the  freshwater a i g a ,  Selenestrum- caoricornutum, a r e  4; 9SO . 



and 1 , 9 8  pg/l, resqectively (U.S. P A ,  1978). T5e respective values for  

the salkvater alga Skeletonma ccstatcm *,verz 1 , C X  acd 1,010 p ~ / l  (U.S. F A ,  

1978). 

0. Residues 

Measured steady-state oioconcentracion factors (&-I are not avail- 

A BCF of 19 has been estimated based on the able for 1,Edichlompropene. 

octonollwater coefficient for 1,3-dichloropropene (U.S. P A ,  1979a). 

E. Other Relevant Information 

Following field application, movement ' of 1,3-dichloropmpene i n  

soil results in vapori2hase diffusion (Leistra, 19701.. The distribution o f  

1,3-dichlompropene wi th in  sa i l s  degerrds on s o i l  conditims. Fcr examle, 

cis-1,3-dic;7lcrcarz~~e is chemicaily mdiaiyzed in moisr: SOLS t o  the cor- 

responding cis-khlomalkyl  alcohol, which can be microhially &Graded t o  

cai3cn dioxidz m d  water by 3s?aAmonas so. :V2y! CiJk  :??&I. 
$ 7  I; .  

Neither the human health nor the  S C , U ~ - ~ ~ C  c r i te r i?  ncrived by I ? . S .  50.4 

( 1979a) , wnicn aie  summarized below, have Gme through tne process of puSlic 

review; therefore, there is a p o s s i b i l i t y  that these cr i ter ia  will be 

c2arged. 

A. Human 

The draft water criterion for  1,3-dichlompropene is 0.63 pg/1 

(U.S. F A ,  197%). 

8. Aquatic 

The draft criterion to  pmtect freshwater#soecies is 18 ug/l as a 

24-hr average not to exceed 250 Ag/l a t  any time. For marine species, the 

value is 5.5 3911 as a 2Mr  average not t o  exceed 11 ug/1 a t  any time (U.S. 

€ P A ,  1979). 

i 

' I  
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D I S C U I Y Z R  

T h i s  report r e p r e s e n t s  a sx-rrey of t h e  p o t e n t i a l  h e a l t h  
and  e n v i r o n m e n t a l  h a z a r d s  f rom ex?osure  t o  t h e  s u b j e c t  chemi- 
ca l .  The i n f o r m a t i o n  c o n t a i n e d  i n  t h e  report  is drawn c h i e f l y  
f rom s e c o n d a r y  s o u r c e s  and a v a i l a b l e  r e f e r e n c e  docurtents . 
a e c a u s e  of t h e  l i m i t a t i o n s  of such s o u r c e s ,  this s h o r t  p r o f i l e  
may n o t  r e f l e c t  a l l  a v a i l a b l e  Lz=forxa:ion inc lud i s lg  311 t h e  
a d v e r s e  h e a l t h  and e n v i r o n m e n t r l  i m p a c t s  p r e s e n t e d  by t h e  
s a b j e c t  ckiernlcal. ??.is doc !nez t  hzs  ur.5ergone scrutiny t o  
ensure its c e c h n i c a l  a c x r z s y .  

.. 



SPECIAL NOTATION 

U.S. EPA's Carcinogen Assessment  Group (CAG h a s  e v a l u a t e d  

d i e l d r i n  and h a s  found s u f f i c i e n t  e v i d e n c e  t o  i n d i c a t e  t h a t  

t h i s  compound is c a r c i n o g e n i c .  



DIELDRIN 

SUMMARY 

e 

D i e l d r i n  is a compound b e l o n g i n g  t o  t h e  g r o u p  of c y c l o d i e n e  

i n s e c t i c i d e s .  T 5 e  c h z o n i c  t o x i c i t y  of 13;; dcsss of d i e i u r i n  

i n c l u d e s  s h o r t e n e d  l i f e  s p a n ,  l i v e r  c h a n g e s  a n a  t s r a t o g e n i c  e s f ec t s .  

The  i n d u c t i o n  o f  h e p a t o c e l l u l a r  c a r c i n o m a  i n  mice by d i e l d r i n  

l eaas  t o  t h e  c o n c l u s i o n  t h a t  i t  is l i k e l y  t o  be a human c a r c i n o g e n .  

D i e l d r i n  h a s  o e e n  found  t o  be non-mutagen ic  i n  s e v e r a l  t e s t  s y s -  - 
tems. The WHO'S acceptable d a i l y  i n t a k e  fo;  d i e l d r i n  is 0 . 0 0 0 1  

w / k g / d a y .  

The t o x i c i t y  of CFelsrin ts aqza t ic  zr$azisms has been  

i n v e s t i g a t e d  ia ntii iszous s t u d i e s .  

t h e  common f i e s n w a t e r  f i s h  r a n g e  f rom 1.1 t o  3110 .pq/l. The a c u t e  

The  go-hour LCs0 v a l u e s  f o r  

6 L4..l-,:y -.. . . - .  is e o n s i c e r a k i y  ;,ore v a z i e d  for f r - - - -  CZ.Al*r'dCdr i n v e r  c e o r a t i s ,  

A-- ~~ T + c  ,~i$,'i fo r  t h e  c r - a . - F i  - -y--sn.  ' Acuce icso ..'21ass i 3 i  21cjiit s a i t -  

x a t e r  f i a n  s p e c i e s  r a n g e  f rom d.66 t o  24 .0  p g / l  i n  f l o w - t h r o u g h  

t 2 s t s ;  ,Xs0 v a l u e s  for  e s t u a r i n e  i n v e i t e b r a c e s  r a n 9 e  from'U.70 

to 240 pg/l. The o n l y  reported c n r o n i c  v a l u e s  a re  0 . 1 1  Ug/i 

' L u L  C - r  s t e e l  hsaci t r o u t  (Saimo g u i r c n e s )  i n  a n  e m s r y o l a r v a l  s t u U y  . 

a n a  0 . 4  pg/l f o r  t h e  guppy ( P o - e c i l i a  r e t i c u l a t a ) .  i n  a . l i f e - c y c l e  

test. 

d i e l d r i n  t o x i c i t y  t h a n  t h e  c o r r e s p , o n d i n g  f i s h  a n a  i n v e r t e o r a t e s .  

B i o c o n c e n t r a t i o n  f a c t o r s  were i28 for a f r e s n G a t e r  a l g a ,  1395 

ior Daphnia  magna, 29513 f o r  t h e  c n a n n e l  c a t f i s n ,  a n a  8000 f o r  

t n e  e d i b l e  t i s s u e s  of t h e  E a s t e r n  o y s t e r .  

B o t h  f r e s h  a n a  s a l t  water a l g a e  a r e  less s e n s i t i v e  to, 

. ~ - .  . . . _  .~ . . .. ~ . - . - ,  . . ~ . . --1 . . . .. . - . -- . .~ . .. .. . . . - .  . 
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DIZLDRIN 

I. INTRODUCTION 

. This profiie is based on the draft Ambient - .. . Water Cuelity 

Criteria Docment for Aldrin and Dieldrin (U.S. SPA, 1979). 

Dieldrin is a white c:ystalline substance witn a melting point 

of 176-177OC and .is soluble in organic soivents ( U . S .  EPA, 1979).. 

The chemical name ,for dieldrin is i, 2,3,4, LO, 10-hexachlor-6,7- 

epoxy-1,4,4a,5,6,7,8,8a-octohydro-endo, exo-1,4:5,3-dimethanonaph-  

thalene. 

I 

\ 

Dieldrin is extremely stable and’ persistant in the environ- 

zent. I t s  persistance is due to its extremely low volatiiity 

(1.78 x lo’’ mm Hg at 20°C) and low solubility in water ( i d 6  

p g / l  at 25-29OC). The time required for 95 percent of the die1d:in 

1366). Patil, et al. (1972) reported that dieidrin W L S  ?cr de- 

sraded a r  inetabolitea in sea water or polluted watsr. 

Dieldrin was primarily used as a broad s7ectrun insectizide 

sntil 1974, when :he U.S. :?A z?stricted its iiss ;a tsrxite zcz -  

__-_ -1 5l;sct soli in]ectlon, anu non-food seed a m  plant tr+=t- 

nene, (U.S. EPA, 1979). From 1966 to 1970, the amount of dieldrin 

used in the United States decreased from 500 to approximately 

- .  - I - ,  -.- 

335,000 tons (U.S. EPA, 1979). This decrease ia use bas been 

attributed primarily to increased insect resistance to dieldzin 

and to development of substitute materials. Although the produc- 

tion of dieldrin is restricted in the United States, formulated 

2roducts containing dieldrin are imported from Europe (U.S. 

f m- 



11. EXPOSURE 

A .  Water 

D i e l d r i n  has been  a p p l i e d  t o  v a s t  a reds  o f  a q r i c u l -  
/' 

t u r a l  l a n d  and  a q u a t i c  a r e a s  i n  t h e  U n i t e d  S t a t e s ,  and  i n  nos t  

- - * - e  _uc. of t h e  w o r l d .  AS a r e s u l t ,  t h i s  p e s c i c i u e  is found  i n  

most f r e s h  and  m a r i n e  waters.  D i e l d r i n  h a s  b e e n  measu red  i n  

many f r e s h w a t e r s  o f  t h e  U n i t e d  S t a t e s ,  w i t h  mean c o n c e n t r a t i o n s  

r a n c i n g  from 5 t o  395 n5/1  i n  s l ; r f s c e  water a ~ d  f:cz 1 t o  7 r?q/ ' l  

i n  d r i n k i n g  water ( E F S t e i n ,  1 9 7 6 ) .  L e v e l s  a s  h i g h  as 50 n g / l  

h a v e  Seen  found  i n  d r i n k i n s  water ( tIarris,  e t  a l .  i 9 7 7 ) .  The  

- - -  1 5 i l j .  . 1:s p e r s i s t s n c e  i n  s o i l . v a r i e s  wit!~ t h e  + - ~ ? e  of s o i l .  

(!.Iatsuzurs and  B O U S ~ ,  1 9 6 7 ) .  

The U . S .  52A (197;; s s z i z a t a j  t h a t  99.5 p e r c e n t  of 

a i l  nuinan b e i n g s  have  u i o l d r i n  r e s i d u e s  i n  t h e i r  tisa-e. T h e s e  

r e s i d u e s  a r e  p r i i n a r i l y  d u e  t o  c o n t a m i n a t i o n  of f o o d s  o f -  a n i m a l  

o r i g i n .  The o v e r a l l  c o n c e n t r a t i o n  o f  d i e l d r i n  i n  t h e  d i e t  i n  

t h e  U n i t e d  S t a t e s  h a s  Seen  c a l c u l a t e d  t o  b e  a p p r o x i r n a t e l y  4 3  

ng/g of food  consumed ( E p s t e i n ,  1 9 7 6 ) .  The U.S .  EPA h a s  e s t i m a t e d  

t h e  w e i g h t e d  a v e r a g e  S i o c o n c e n t r a t i o n  ' f a c t o r  f o r  d i e l d r i n  to  

S e  4,501) i n  t h e  e d i b l e  p o r t i o n  o f  f i s h  and  s h e l l f i s h  consumed 

-by-Amer i -cans- .  (U.5.  . Z?A,  -L979)-:. - T h i s  -es,t-imate is  --j.as,ed. 'on -ae-asur-ed. -.: 

e 

_ .  ~ - .  . . 



s t e a d y - s t a t e  S i o c o n c e n t r a t i o n  s t u d i e s  i n  s e v e r a l  s?ecies of f i s h  

a n d  s h e l l f i s h .  

2. I n h a l a t i o n  

3 i e l d r i n  e n t e r s  t h e  a i r  t h r o u g h  v a r i o u s  s e c h a n i s m s  , 
such as  s s r a y i n q ,  wind  a c t i o n ,  watez e v z p o r a t i o n ,  an2 a5hesio:: 

t o  ? a r t i c u l a t e s .  The  U . S .  EPA detected d i e l d r i n  i n  mor2 t h a n  

8 5  p e r c e n t  of t h e  a i r  samples tes ted  b e t w e e n  1970-1972,  w i t h  

t h e  mean l s v e l s  r a n g i n g  from 1 to  2 . 8  ng/m3 ( E ? s t e i n ,  1376). 

From these  l e v e l s ,  t h e  average d a i i y  i n t a k e  of d i e l d r i n  by resp i -  

r a t i o n  was c a l c u l a t e d  to  be 0 . 0 3 5  t o  0 .098  pg. 

A l t h o u g h  d i e l d r i n  is no lon5;er  used i n  the Z n i t e d  

iram ocher  parcs of t n e  world. 

2 .  2 s r z a l  

ct 22.  ( 1 9 7 2 )  r;eFzr:2< '-,hat ex;Gsiire i n  gciksrs was nainly thrcusn 

2er:aaL absorstion r a t h e r  t h a n  i n h a l a t i o n .  T h e  ban  o n  t h o  m a n u f s c -  

- -  
A A I. ?SAR%C3KINETICS 

A .  Absor?tion 

T h e  a b s o r p t i o n  o f  d i e l d r i n  by t h e  u p p e r  g a s t r o i n t e s -  

t i n a i  t r a c t  begifis almost i l m e d i a t e l y  a f t e r  o r a l  a d m i n i s t r a t i o n  

i n  r s t s  a n d  h a s  S e e n  f o u n d  t o  v a r y  w i t h  t h e  m o u n t  of s o l v e n t  

IJsed ( i iea th  a n a  ' J a n d e k a r ,  1 9 6 4 ) .  T h e s e  a u t h o r s  a l s o  d e r n o n s t r i t e d  

t h a t  a b s o r ? t i o n  t akes  p l a c e  v i a  t h e  2 o r t a l  v e i n ,  and  t h a t  d i e l d r i n  



a 

a 

0 

could be recovered from the stomach, small intestine, large intes- 

tine and feces one hour after or31 adainist:ation. 

B. Distribution 

The distribution of disldrin has Seen sta2ied in numer- 

3;s Etsd ins  eqeriicents. Zieldrin has an affinity for rat, but 

high concentrations are also reported in the liver and kidney, 

with moderate concentrations in the brain one and two hours after 

administration in rats (Heath and Vandskar, 1,064). Deichinan, 

et al. (1968) fed dieldrin to rats for a' period of 183 days. 

The mean concentration in the fat was 4 7 4  times that in tne DlOOd, 

while ihe concentr3tlon in the liver was approxinatzly 29 tines 
4- b..e *- 5 i x d  concentration. 

Additional animal stutfies on the tfistribution of disl- 
___..  - kave shc:.:~ that ccn.ze~tr~~ions i .rl tisszss zr? 5cse r s l s z t 5  

. - - _ .  . - ._ 2r.B -1' y,=f'; - -.::-A .._ __. &I. -..s SS:< c,' t k e  az iT . i l  ( : ;EL; . . - .  _ _ ,  e t  a:. L L * z z ' : .  

X Z Z Z A S X S . , ,  2t $1. ii971 found th3t f ~ m ~ l e  r a t s ,  ~ n ~ i ~ i ~ t 2 ~ ~ 2  ~:21 

doses of dieldrin hac hislier tissue l z v e l s  of t h e  cc;r.;ol;r,d t t s x  

n a l e  rats., The fenaleL s t o r e d  the compound procominatly as 5icl-, 

e,-. _ _  _... - I:: zales: other setabolites, LLzatifisd 5s keto-dieidrin 
iraas-hydro-aidrin ana a ?oiar metaDolite, 

- .  

were detected. 

The concentrations of dieldrin in human body fat were 

found to be 0.15 + 3.02 p g / g  for the general population -and 0.36 

ps/g in one individual exposed to aldrin (aldrin is metabolized 

to dieldrin) (Dale and Quinby, 1963). The mean concentrations 

of dieldrin in the fat, urine, and plasma of pesticide workers 

- 

were 5.67, 0.242 and 0.0185 mg/g, respectively (Hayes and Curls(/, 

- 196a). . Cor.relations- between the -dose - and --leng.th- of -exposure - - ~. - .  

to dieldrin and the concentr3tion of dieldrin in the blood and 



other t i s s u e s  have  Seen  r e p o r t e d  ( Z u n t e r ,  e t  a l .  1963). D i e l d r i n  

res idues i n  t h e  b l o o d  plasma of workers c v e r a g e d  z F ? r s x i a a t s l y  

four t ines  h i g h e r  t h a n  t h a t  i n  t h e  e r y t h r o c y t e s  ( > l i c k ,  e t  a l .  

197i). 

i. .-- ~'"ta50lism 

. The  e p o x i ' d a t i o n  of a l d r i n  to' d i e l d r i n  h a s  been  r e p o r t e d  

i n  many o r g a n i s m s ,  i n c l u d i n g  man ( U . S .  EPA, 1 9 7 9 ) .  The  r.eactior. 

is NADPH-dependent, and  t h e  enzymes have  been  f o u n d ,  t o  be h o z t  

l a b i l e  (Wong and T e t r i e r e ,  1 9 6 5 ) .  \ 

The metabolism of d i e l d r i n  h a s  b e e n  s t u d i e d  i n  s e v e r a l  

s>:tcies, i m l u d i n g  mice, r a t s ,  r a b b i t s ,  a n i  s h e e p .  D i e l d r i n  - ...___-elites i S ' h  

form of s e v e r a l  compounds more 9olar '  t h a n  t h o '  p a r e n t  com7ocnd 

1.u.a. c_-.Y., 1573!. Se5ford ar.d .L:!~tscr: 1L976) s :z i z?r iz sr l  t h e  - - -_  
xr,cun me t_abo l i c  ? r ~ c - c t s  of d i z l 2 z i n  i n  rc2G87:a 8s ' 6 , 7 - t r z z s -  

Q F ~ ~ c r ~ ~ ~ - ~ i ~ y d r o - a l ~ ~ i n  ( t r a n s - d i o l )  and t r i - c y c l i c  dicar--rq!l; - - - -  - - - -  - 
. a c i d  ;k .zkh  of w n i c h  a r e . p r o d u c t s  or' t i ~ ~  t r c n s f c r n z t i o n  cf t h e  

+?oxy sroup) , t he '  s y n - i 2 - h y d r c x y - d i e l d r i n  ( a  nor.o-hydro d e r i v a -  

.Llt.;o Seen i e e n t i f i e d  i n  the uriae a n a  f e c e s  i n  t h e  

= - , . *  . --  - --. 

. 

:&=le r a t s  . hzve been  f a u n 2  
C .  b - v e ) ,  and t h e  p e n t a c h l o r o k e t c z o .  

-e .---e,--- : - -  -- . . . C - G - ~ ~ - ~ =  5 i s L L i i ~ 1  inore r a p i a i y  .cnan remales t6.S. EP.4, 1979), 

Se.t:lreen species (Ba ldwin ,  e t  a l .  

. 2v.d d ; i C  - & & c r e n c e s  i n  t h e  m e t a b o l i s m  of d i e l d r i n  have  been  f o u n d  

1972). 

D. S x c r e t i o n  

D i e l d r i n  is e x c r e t e d  m a i n l y  i n  t h e - .  f e c e s  a n d ,  t o  some 

e x z f n t ,  is t h e  u r i n e  i n  t h e  form of s e v e r a l  P o l a r  metabo1ite.s 

(C.S. ' Z P A ,  1979). However, r a b b i t s  f e d  1 4 C - d i e l d r i n  o v e r  2 1  

w e e k  ceriod e x c r e t e d  12 p e r c e n t  of t h e  : a d i 3 a c t i v i t y  S y ' t h e  end  

of  22 w e e k s ,  K i t : ?  2 t o  3 times a s  much excreted ir: t h o  u r i n e  

a. 



a s  i n  t h e  f e c e s .  R o b i n s o n ,  e t  a l .  ( 1 9 6 9 )  found  t h a t  99 p e r c e n t  

' o f  t h e  d i e l d r i n  f e d  t o  r a t s  f o r  8 w e e k s  was e x c r e t s d  d u r i n g  a 

s u b s e q u e n t  90-day o b s ~ i v ~ t i o n  p e r i o d .  The h a l f - l i f e  of d i e l d r i n  

i n  t h e  l i v e r  and  b lood  Mas 1 . 3  d a y s  f o r  the p e r i o d  o f  r a p i d  e l i x i -  

n a t i o n  and  1 3 . 2  d a y s  f o r  a l a t e r ,  slower p e r i o d .  T h e  half-l:fe 

of d i e l d r i n  i n  a d i p o s e  t issue and b r a i n  were 1 0 . 3  a n d .  3 .0  d a y s ,  

r e s s e c t i v e l y .  

The c o n c e n t r a t i o n  of d i e l d r i n  i n  t h e  u r i n e  o f  t h e  

g e n e r a l  human p o p u l a t i o n  is 0 . 8  mg/l for  man a n d  1 .3  mg/l  for 

women a s  compared t o  5.3, 13.8 ,  or 5 1 . 4  mg/l f o r  men w i t h  l o w ,  

medium, , o r  h i g h  e x p o s u r i  ( C e u t o  2nd Qiros, 1357). rnL - . , z  hzlf-life 

2 J r  die! ic i r in  i n  tne. blood of humans r a n g e s  f r cm 1 4 1 - 5 9 2  d a y s  ' 

; i i C A z  d z i a n  of 3 6 s  days ( S u n c e r ,  e c  al. i369). J a g e r  ( 1 9 7 0 )  

- - _ - - - - -  -..- ..--- -- SS 2 6 5  3 . a ~ ~ .  Z e ~ z t i s ~  c h e ~ 5  is  a r e i ? -  

- - d . A = , . . A L -  s ~ t ; ~ n e . i  ~;,t c~r.cect:aii;n o f  d i s i d i i n  i n  51005 3nc 

-.:at i.; ~2i;ose 6i-L: s the r  t issues ,  i t  seems i i i : p i y  t h a t  K ~ O  5z.j.f- 

life i?. t h e  S l m 5  n a y  r e f l e c t  t?.s a;-zr-all ?.alE-life i a  ; t : l e r  

- 1 a a - c ~  i u . 3 .  L=-+, 1 9 7 9 ) .  

i ' I  -* a. 

. .  

- > ? - - b % S  +&a h = , l Z - Y ; L =  L -  

c : -- - L  I .- . . .  

L '  

b .  --..- a - -  " --. 
CPTZCTS 

. .  . . .  - \3 3r '= 1237 5T'. L 1 :-? - 
D i e l d r i n  h a s  p r o d u c e d  l i v e r  t u m o r s  i n  - e v e z a l  s t z a i n s  

.of mice a c c o r d - i n g  t o  s i x  repor t s  o f  c h ' r o n i c  f e e d i n g  s t t l d i e s  ( N C I ,  

1376 (13 FR 2 4 5 0 ) ;  D a v i s  and  F i t z h u g h ,  1962 ;  D a v i s ,  1 9 6 5 ;  Song 

a c d  H a r v i l l e ,  136:; Walker, e t  a l .  1372; Tnorpe,  and  Walker, 1 9 7 3 ) .  

I n  r a t s . ,  d i e l d r i n  h a s  f a i l e d  to  i n d u c e  a s t a t i s t i c a l l y  s i g n i f i c 2 n t  

excess of t umors  a t  a n y  s i t e  i n  t h r e e  s t r a i n s  d u r i n g  s i x  c h r b n i c  

f5?d.i?q s t u d i e s -  .. ( T r a o n  and  .. .Cl .eveland,  1965;.~ Cleve land . ,  1966 :.. . . ~ 



Fitzhugh, et' al. 1964; Deichman, et ,al. 1967; Walker, et al. 

1969; Deichmann, et al. 1970),. . 

The only information concerning the carcinosenic poten- 

tial of dieldrin in man is an occupational study by Versteeg 

end Ja$er  (1973). The wo:!<crs kac Seen x i p l o y &  in a p l a n t  pro- 

ducing aldrin and dieldrin with a mean exposure time of 6 . 6  years. 

An average of 7.4 years had elapsed since the end of ex?osure.' 

No permanent adverse effects, includins cancer, were observed. 

B. Mutagenicity \ 

Microbial assays concerning t h e  mcta5enicity of aldrin 

am5 dieldrin have yielded negative results even when some cy?e 
ci e c ~ i ~ r z t i r .  s y s t e z ~  ves  & l e d  [?=?xi$, 1573; ;idwe;,, - .  t: 21. 

i5i5: Narsnall, et al. 1976). A host-mediated assay and s domi- 
. . a l lc  --r. lethai t e s t ,  also y i e l d e d  necz.-,it;e : esz l zs  raldwell, 1t 

. . - -  
E d .  - 9 l a j .  iajtimdar, ec si. . ' ( 1 3 7 i !  , however, f=:zd d i z l 2 z i z  

ta 30 mutzgenic in 5. ty?hiphiziuriuin, altkcuch these 2ositive .- -_II 

C = C . . 7  L -  %ere qiiestioned because several a i f l ~ : ~ ~ c ~ s  existtc be- 

rween chei: ?roeeaures ana those recomended (9.S. ZP.4, 1979). 
- .  A c!zcroase i?. the mitotic F.?<ex :vas =:Sse:-:er ir; v i t * s  

. . . _ C _ .  ... r r ~ =  L..c r . r a i & O W  C S i i S  an5 iJi ;.ii;ro wi:n human i.::nc cells 

tzeated with 1 a g / X g  and 1 )~s/ml dieldrin, resFectively (Xajumdar, 

et al. 1976). 

-- 
. .  . . . - -  -e..-- - - - -  - - e -  -- - 

D. Teratogenicity 
' ,  In 1967, Hathaway, et al. established that A: C - d i e l -  

2 - i -  -__.. c~:.ld cross the placenta in rabbits. DieErin ceused sisnifi-. 
, 

cant increases in fetal death in hamsters, and inc:eased fetal 

momalits (i.e. cpen eGe, webbed foot, cleft ?alate, and others) 
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i n  hamsters and  mice when a d m i n i s t e r e d .  i n  s i n g l e  o r a l  d o s e s  d u r -  

i n g  g e s . t a t i o n  ( h a m s t e r s  5 0 ,  3 0 ,  5 mg/kg and '  n i c e  25 ,  13, 2 . 5  

mgjkg)  ( O t t o l e n g h i ,  e t  a l .  i974). 

. .  . . .  .~ 

However,  i n  s u b s e q u e n t  s t u d i e s  RO ev idecc :  hes b e e n  

t 3 x f  t h z t ,  d i e l d z i r :  C Z L S Z S  t s r a k o g e n i c  ei-iects i n  mice a n a  r a t s  

( C h e r n o ' f f ,  e t  a l .  1975)  or mice ( D i x ,  e t  a l .  1 9 7 7 ) .  
. .  . .  

@D. O t h e r  R e p r o d u c t i v e  E f f e c t s  

Deichmann (1972) r e p o r t e d  t h a t  Z l 2 i i E  end  d i o l d z i n  

(25 mg/kg /d ie t )  f e d  t o  mice fo r  s i x  g e n e r a t i o n s  a f f e c t e d  f e r t i -  

. l i t y ,  g e s t a t i o n ,  v i e b i l i t y ,  l a c t a t i o n ,  and  s i l r v i v a l  of t h e  young.  

f i c ~ - 2 v 2 r ,  rio . .changes i n  w e i g n t  or  S U r ? f j ~ Q l  of ftt-ses *;;ere f z u n i  

L.. 7 -  -;-a e d z i n i s t s r e d  d i s l S r i n  for day 5 t k z c ~ s k  14 ~f 2 ; e s t a t i o n  

a t  doses a l r e a d y  men t ioned  i n  t h i s  r e p o r t  (Otcoloc5hi, e t  a l .  
. ..- . , 
A Y  1 - 1 .  

. -  C. C h r o n i c  T o x i c i t y  

. -  ' , ' -n - .  -..- o c h e r  o r ? t c t s  2r 'oduced .by c h r o n i l n  zc i~ ! i r ! i s~ r? . t i - z  

A -  ,, 2ieLecia t~ mice, r a z s ,  and cogs r n r l u d e  sncr tenef  life s;~?., 

i r , c r t a s e a  i i v e r  t o  kocy w e i g h t  ra : io ,  v a r i c u s  c h = 3 q ~ s  i? l i v o r  

h i s t O l , 5 : : ~ ,  and  t h e  ~z.z*:zz:cn of :?~;i:iz ezzy r , e s  ( G . 5 .  ZiA, r 3 i ~ j .  
- - - -  . -  . .  

.. . - ~ i - i s ~  Z e i e v a n c  i n i o r m a t i o n  
L .  

S i n c e  a l d r i n  and  d i e i d r i n  a r e  m e t a b o l i z e d  ' b y  way of 

t h e  mixed f u n c t i o r :  o x i d a s e  ( X F G ) ,  s y s t e m  and  c i i e l d r i n  h a s  b e e n  

found t o  i n d u c e  t h e  p r o d u c t i o n  of t h e s e  enzymes ,  a n y  i n d u c e r  

o r  i n $ i S i t o r  of t h e  i*FO enzymes s h o u l d  a f f e c t  t h e  metabolism 

rrc v L  d i e l d r i n  (L7.S. ZPA, 1 9 7 9 ) .  D i e l d r i n  f e d  i n  l o w  dose-or 

t o  e n  acu te  dose of d i e l d r i r !  a l - t e r s  i t s  metabolism ( a a l c w i n ,  

- a l . - - - i 9 7 2 )  r, Diekd,r , in  - can  - e f f ec t -  - t h e  s to ra ' ge  of '  'DDT--(U-.S.- E2A; . - .  . -  - -  
, .  . .  A 

. I  



. f  r ,: 4. 
t- .; 7: j' ... : 

1979) a'ni i n d u c e  2 g r e a t e r  number of tumors i n  mice when admin i -  

s t e r e d  w i t h  DDT as compared to  DDT,a lone  (Wzlker, e t  a;. 1372). 

v. AGUATIC TOXICITY 

A .  Acate T o x i c i t y  

The  a c x c e  t a x i c i t y  or' d i e l d r i i i  nas b e e n  i n v e s t i g a t e d  

i n  numerous s t u d i e s .  Reported 96-hour LC50 v a l u e s  for  f r e s h w a t e r  

f i s h  are  1.1 t o  9.9 yg/l for  r a i n b o w  t r o u t ,  Salmo g a i r d n e r i  (Kat t ,  

1 9 6 1 ;  Macek, e t  a l .  1969): 1 6  t o  36 pg/ l  for  f a t h e a d  minnows, 

P i m e p h a l e s  p r o m e l a s  ( H e n d e r s o n ,  e t  al. 1959;  Tarzwe11 and Hender son ,  

1957); and  8 t o  32 Pg/l for t h e  b l u e g i l l ,  Le?omis macrochi:us 

( E e n d e z s o z ,  e t  a l .  1359; i*Iacelc, e t  a l .  1 9 6 9 ;  T a r z w e l l  =rid Senderson, 

1 9 5 7 ) .  - - -  F-as?.:jatz: i z v e r t e b r a t e s  a p p e a r  ca be mo:e v a r l a o l e  ~n 

- 

t he i r  s e n s i t i v i t y  t o  a c u t e  d i e l d r i n  t o x i c i t y .  T h e  96-hour Lt50 

Z a r n e s c  and  B e n v i l l c ,  1 9 7 2 ;  Korn and E a r n e s t ,  1 3 7 4 ;  ?arris:,  

s t  21. 1973;  S c n o e t z q e r ,  1970 ;  ar.d Lowe, u n e a t t d ) .  L~~~ v a i u e a  

-G..z-..l U .  I a 243.G , u g / l  nave  o e e n  r e p o r t e d  for  e s z ~ = z : z r :  

i z v e r t e b z a t e s  s p e c i e s ,  w i t h  t h e  most s e n s i t i v e  species t e s t e d  

- -  
L - - - . - C  --e- 9 - 

b e i n g  t h e  c o m m e r c i a l l y  i m p o r t a n t  p i n k  s h r i m p ,  P e n a e u s  duorarum 

( U . S .  E2AI 1378). 

B. Chronic T o x i c i t y  

C h r o n i c  t o x i c i t y  h a s  been  s t u d i e d  i n  two species of 

f r e s h w a t e r  f i s h .  The  c h r o n i c  v a l u e  f o r  s t e e l h e a d  t r o u t  (Salmo 

G a i r d n e r i )  frcm a n  e m b r o - l a r v a l  s t u d y  is 0 . 1 1  pq/l (Chadwick 

Sa- I3 
000996 
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and  Shumway, 1 9 6 9 ) .  For t h e  guppy ,  ?oec i l i a  r e t i c n l a t a ,  i n  a 

l i f e - c y c l e  test;  t h e  c h r o n i c  v a l u e  is 0 . 4  pg/l ( R o e l o f s ,  1 9 7 1 ) .  

C. P l a n t  E f f e c t s  

F r e s h w a t e r  p l a n t s  a r e  l e s s  s e n s i t i v e  t o  d i e l d r i n  t h a n  

f r e s h w a t e r  fisk or i n v e r t e b r s t e s .  F'CZ exarr,;::?, a c o n c e n t r a t i o n  

of 100 pg/l c a u s e d  a 22 p e r c e n t  r e d u c t i o n  i n  t h e  b i o m a s s  of t h e  

a l g a  S c e n e d l e s m u s  q u a d r i c a u d a t a  ( S t a d n y k  a n d  C a m p b e l l ,  1 9 7 1 )  , 
and  1 2 , 8 0 0  pg/1 r e d u c e d  g r o w t h  by 50 p e r c e n t  i n  t h e  d i a to rn ,  Navi -  

c u l a  seminulum a f t e r  5 days of e x p o s u r e  ( C a i r n s ,  i 9 6 8 ) .  I n  a 

sa l twa te r  p l a n t  species g r o w t h  r a t e  was r e d u c e d  a t  c o n c e n t r a t i o n s  

- 
- 

o f  (Battertoz, e t  a l .  19Si). 

S i o c o n c e n c r a t i o n  f a c t o r s  (BCF) have  been  d e t e r m i n e d  
_ _  .. - =r - 9 f r s shwa t+ . r  spsciss tu.3. ;?.z., 1 3 7 2 ) .  R e p r c s e n t z t l v e  ECF 

1 3 3 3  for aapnnrs mcgna : 3 = i ~ e r t ,  1 9 7 2 1 ,  2385-2993 f o r  t n e  c n a n n e l  ----- --- 
r = L c ;  ,-,--sZ.., - - L - 1  A - - a ~ z r ~ ~  ? z ; l t ~ a t ~ ~ s  (Shannon ,  i 9 7 7 a ;  l y 7 7 b )  and  o d , 2 5 d  

L d A  = p  c t h e  y e a r l i n g  laKe t r o u t ,  S a l v e l i n u s  n e m v c c s h  ( R e i n e r t ,  e t  
--- --- 

--- ----- 
sl. 1 3 7 4 ) .  T h e  ecF3Le t i s s u e  ef t h e  Easter? o y s t a r ,  C r z s s c s t r e a  - - 

- - -  . -  .. ~ c-. - . : z? ,  nzc c 2:;" val;;. GL 52GJ a i c a r  J Y L  c a y s  oi ex9osure --- 
( ? a r r r h ,  1974). S p o t ,  Leiostonus XaRthurus ,  had a BCZ of 2 , 3 0 0  

a f t e r  35 d a y s  e x p o s u r e  t o  d i e l d r i n  ( P a r r i s h ,  e t  a l .  1 9 7 3 ) .  

V I .  EXISTING GUIDELINES AND STANDIlRDS 

i j e i t h e r  t h e  human h e a l t h  nor t h e  a q u a t i c  c r i t e r i a  d e r i v e d  

by U . S .  SPA (19791 ,  which a r e  summar ized  be low,  nave  g o n e  z h r o u g h .  

t h e  p r o c e s s  of p u b l i c "  r e v i e w ;  t h e r e f o r e ,  t h e r e  is a 2 o s s i D i l i t y  

that these c r i t e r i a  w i l l .  be chang.ea.- _ _ _ _  --. _ _  . 2 ,  . ~. . . - . .. .. - ._ 
~ 

.. - . .  



> ... . 
. -  '. . L.'. Human ' 

The current exposure level for dieldrin. set by OS?A 

is an air time-weighted average of 250 pg/m 3 for  skin absor2tian 

( 3 7  F3 2 x 3 9 ) .  In 1969, the U.S. PcSlic Eeelth Service Adviso- . .  

Sssinittee recommended that the arinking water standard for  diel- 

drin be 17 pg/ l  (leak, 1969). The U.N. Food and Agricultural 

Organization/World Health Organization's acceptzble daily intake 

f o r  dielcirin is 0.0001 mg/kg/day (:lrak, 1969). 

L I  

The carcinogenicity data of Walker, et al. (1972) 

were used to calculate the draft ambient water quality criterion 

for dieldrin of 4.4 x ng/l ( U . S .  EX, 1970). This 'level 

:is223 the lifttine cmcez r i s k  fcx .iuiiar,s be1cx ;il . . - - j  

B. Aquatic 
rnL ... 3 drsf:', criterion :z 2rntect f : s s 5 ~ z t s z  l i f t  1. ' =  

!!.3[31? ,z;,/: 2s 2 2;- - - . . -  :.,,, 2s-trass; t k t  zozcs:.;ration ;:-.sa,Ld 2c . z  

- -  L..s 5:zf; criterion is 0.0069 ~ s / l  as a 2F-hour av.~r:.se- -Lo 

exceed 1.2, ug at any time. To p r o t x t  szirwai,er aq!J%cil= l i f e :  

- , L-.- 

c3ncent:ation s h o a l d  not exceed 0.16 ps / l  at any time. 
. .  
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